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PREFACE 


TO  THE  FIRST  EDITION. 


Whrrb  a  subject  cannot  be  fdlowed  by  a  reader  with* 
oat  study  J  it  would  8eem  unr^uM>nabIe  to  expect  that* 
without  some  assistancft  it  should  be  followed  at  a  lec^ 
tore. 
^  Under  this  inqpfespdon,  from  the  time  that  I  became  a 
lecturer,  I  aiqplied  mjsdf  so  to  inqprove  and  multiply  the 
means  and  methods  of  experimental  iUustraticni,  as  to 
raider  manipulation  easier,  and  the  result  more  interest- 
ing and  instructiye. 

But  notwithstanding  aU  my  efforts,  theie  remained  ob- 
stacles to  be  surmounted.  However  striking  might  be 
the  experimental  illustration  of  a  property  or  principle, 
the  rationale  might  be  incomprehensible  to  a  majority  of 
my  class,  unless  an  opportunity  for  studying  it  were  af- 
forded them. 

Again,  some  of  my  contrivances,  which  greaUy  facili- 
tated  my  experiments,  were  too  complex  to  be  understood 
without  a  minuteness  of  explanation,  which,  even  if  it 
were  useful  and  agreeable  to  some  of  my  hearers,  might 
be  useless  and  irksome  to  others;  and  to  such  minutiae  I 
have  not  deemed  it  expedient  to  exact  attention. 

A  chemical  class,  in  a  medical  school,  usually  consists 
of  individuals,  who  differ  widely  with  respect  to  their 
taste  for  chemistry,  and  in  opinion  as  to  the  extent  to 
which  it  may  be  practicable  or  expedient  for  them  to 
leam  it.    There  is  also  much  disparity  in  the  opportuni- 
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ties  which  they  may  have  enjoyed,  of  acquiring  some 
knowledge  of  this  science,  and  of  others  which  are  sub- 
sidiary to  its  explanation.  Hence  a  lecturer  may  expa- 
tiate too  much  for  one  portion  of  his  auditors,  and  yet 
be  too  concise  for  another  portion.  While  to  the  adept 
he  may  often  appear  trite,  to  the  novice  he  may  as  often 
appear  abstruse. 

Some  pupils,  actuated  by  a  laudable  curiosity,  under 
circumstances  permitting  its  indulgence,  may  desire  an 
accurate  knowledge  of  the  apparatus,  by  which  my  ex- 
perimental illustrations  are  faciUtated:  other  pupils  may 
feel  themselves  justified,  perhaps  necessitated,  not  to  oc- 
cupy their  time  with  the  acquisition  of  any  knowledge 
which  is  not  indispensaUe  to  graduation. 

After  some  years'  experience  of  the  difficulties  above- 
mentioned,  I  came  to  the  conclusion,  that  the  time  spent 
in  the  lecture  room  might  be  rendered  much  more  profit- 
able, if  students  could  be  previously  apprized  of  the  chain 
of  ideas,  or  the  apparatus  and  experiments,  to  be  sub- 
jected to  attention  at  each  lecture;  especially  as  the  me- 
mory might  afterwards  be  refreshed  by  the  same  means. 
In  consequence  of  this  conviction,  the  minutes  of  my 
course  of  instruction  were  printed;  and  subsequently  a 
work,  comprising  engravings  and  descriptions  of  the 
larger  portion  of  such  of  my  apparatus  and  experiments, 
as  could  in  this  way  be  advantageously  elucidated.  En- 
couraged by  the  success  of  my  plan,  I  am  now  preparing 
an  edition  which  will  be  still  more  extensive.  The 
work  thus  expanded,  I  have  entitled  "A  Compendium 
of  the  Course  of  Chemical  Instruction  in  the  Medical 
School,"  &c. 

There  will  be  much  matter  in  the  Compendium,  respect- 
ing which  I  shall  not  question  candidates  at  the  examina- 
tion for  degrees.  With  the  essence  of  the  larger  part,  I 
shall  undoubtedly  expect  them  to  be  acquainted ;  but  other 


portions  have  been  introduced,  that  I  may  not  be  obliged 
to  dwell  upon  them  in  my  lectures,  and  that  attention  to 
them  may  be  optional  on  the  part  of  the  students.  To 
designate  the  portion  of  the  work,  respecting  which  can- 
didates for  degrees  will  nol  be  questioned,  I  have  hiid  it 
printed  in  a  smaller  type,  excepting  where  it  was  too 
much  blended  with  subjects  of  priniaiy  importance  to  be 
Eeparated.  I  wish  it,  however,  to  be  understood,  that  I 
shall  expect  attention  to  the  parts  thus  distinguished,  so 
far  as  they  may  be  necessary  to  a  comprehension  of  the 
rest.  Thus,  although  I  do  not  deem  it  to  be  a  part  of 
my  duty  to  question  a  pupil  on  pneumatics,  I  shall  expect 
him  to  understand  the  influence  of  atmospheric  preseu 
upon  chemical  phenomena,  and  in  pneimiato-chemici 
operations. 

One  great  and  almost  self-evident  advantage,  resulting 
from  my  undertaking,  I  have  yet  to  mention;  I  allude  to 
the  instruction  which  students  may  derive  from  the  Com- 
pendium, either  before  or  subBequently  to  their  attend- 
ance on  my  lectures*  and  especially  during  the  period 
which  interrenes  between  their  first  and  second  course. 


PREFACE 


TO   THE   THIRD   EDIJION. 


The  health  of  a  portion  of  my  family  having  rendered 
it  expedient  for  me  to  sail  for  Europe,  I  was  under  the 
necessity  of  engaging  my  friend  Dr.  Bache  to  superintend 
the  printing  of  this  edition.  I  regret  that  I  have  not  been 
enabled  as  yet  to  complete  that  portion  of  the  work  which 
should  comprise  Voltaic  electricity,  galvanism,  and  elec- 
tro-magnetism. I  hope,  however,  that,  by  associating 
with  my  book  the  Treatise  of  Dr.  Turner,  of  the  London 
University,  on  the  branches  thus  omitted,  the  deficiency 
thus  arising  will  be  compensated. 


Note. — ^The  additions  of  Dr.  Bache  to  the  text  are  distinguished  by 
brackets;  his  notes  by  the  letter  B. 
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DEFINITIONS  OF  CHEMISTRY. 

It  is  natural  that  a  person  whose  attention  may  be  directed  to  chemistry, 
should  inquire  of  what  does  it  treat,  or  how  is  it  to  be  defined  or  distin- 
guished from  other  sciences? 

Agreeably  to  the  definition  given  in  the  second  page  of  the  Compen- 
dium, chemistry  treats  of  those  phenomena  and  operations  of  nature  which 
arise  from  reaction  between  inorganic  particles. 

I  subjoin  several  other  definitions  from  some  of  the  most  celebrated 
modem  wnters  on  chemistry. 

Tlumuon  defines  chemistry  to  be  ''the  science  which  treats  of  those 
events  or  changes  in  natural  bodies,  which  are  not  accompanied  by  sen- 
sible motions." 

Henry  conceives  that  "  it  may  be  defined,  the  science  which  investigates 
the  composition  of  material  substances,  and  the  permanent  changes  of 
constitution,  which  their  mutual  actions  produce." 

According  to  Murray^  "  it  is  the  science  which  investigates  the  combi- 
nations of  matter,  and  the  laws  of  those  general  forces,  by  which  these 
combinations  are  established  and  subverted." 

Brands  alleges  ''  that  it  is  the  object  of  chemistry  to  investigate  all 
changes  in  the  constitution  of  matter,  whether  efi^ted  by  heat,  mixture, 
or  other  means." 

According  to  l/re,  ''  chemistry  may  be  defined  that  science,  the  object 
of  which  is  to  discover  and  explain  the  changes  of  composition  that  occur 
among  the  integrant  and  constituent  parts  of  different  bodies." 

The  definition  given  by  Berzelius  is  as  follows : — "  Chemistry  is  the 
science  which  makes  known  the  composition  of  bodies,  and  the  manner  in 
which  they  comport  with  each  other." 
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INTRODUCTION. 

The  {^enoroen^ '  and  operations  of  the  material  world 
appear  to  be  dependent  on  certain  properties  in  the  parti- 
cles or  masses  of  matter  which  enable  them  to  exercise 
a  reciprocal  influence.  Without  this  reciprocal  action, 
which  I  would  prefer  to  call  reaction,*  every  particle  or 
mass  would  be  ms  if  no  other  existed,  and  could  itself 
have  no  efficient  existence. 

The  reciprocal  action  or  reaction,  thus  inferred  to  exist, 
may  be  distinguished  as  taking  place  between  masses,  be- 
tween a  mass  and  particles,  and  between  particles  only. 

Reaction  between  massesli  is  sublimely  exemplified  in  the 
solar  system,  by  that  attraction  between  the  sun  and  pla- 
nets, by  which  they  are  made  to  revolve  in  their  orbits. 

Reaction  between  a  mass  and  particles  is  exemplified  by 
the  reflection,  refraction,  and  polarization  of  light;  as  by 
the  moon,  the  rainbow,  the  Iceland  spar. 

Reaction  between  particles  is  exemplified  by  a  fire,  or  the 
explosion  of  gunpowder. 

Definition  of  Natural  Philosophy^  Chemistry^  and 

Physiology. 

Natural  Philosophy^  in  its  most  extensive  sense,  treats 
of  physical  reaction  generally.    In  its  more  limited  and 

*  In  Mechanics,  action  is  said  to  produce  reaction;  bat  in  the  case  of  an  innate 
property,  which  mutually  causes  different  portions  of  matter  to  be  self  attractiye, 
or  repellent,  it  is  impossible  to  distin^ish  the  a^ent  from  the  reagent.  From  our 
first  aeijaatntance  with  any  bodies  so  situated,  they  may  be  said  mutually  to  react, 
or  to  exercise  reaction. 

t  By  the  word  mass,  I  mean  a  congeries  of  particles  capable  of  producing  some 
eflbct  collectiyely,  to  which  seyendly  they  would  be  incompetent 
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usual  acceptation,  it  treats  of  those  phenomena  and  ope- 
rations of  nature,  which  arise  from  reaction  between 
masses,  or  between  a  mass  and  particles. 
-  Chemistry  treats  of  the  phenomena  and  operations  of 
nature,  which  arise  from  the  reaction  between  the  particles 
of  inorganic  matter. 

Physiology  treats  of  the  phenomena  and  operations, 
which  arise  from  the  reaction  of  the  masses  or  atoms  of 
organic  or  living  bodies. 

OF  CHEMICAL  REACTION. 

Reaction  between  particles,  or  chemical  reaction,  is 
distinguished  into  repulsive  reaction  or  repulsion,  and 
attractive  reaction  or  attraction. 

OF  REPULSIVE  REACTION  OR  REPULSION. 

A  Priori  Proofs  that  there  must  be  a  Matter  in  which  Re'- 
pulsion  exists  as  an  Inherent  Property. 

Matter  may  be  defined  to  be  that  which  has  properties. 
We  know  nothing  of  matter  directly.  It  is  only  with  its 
properties  that  we  have  a  direct  acquaintance.  It  is 
nrom  our  perception  of  matter,  through  the  powers  or 
properties  by  which  it  afiects  our  senses,  that  we  become 
confident  in  its  existence. 

The  existence  of  repulsion  and  attraction  is  as  evident 
as  that  of  the  matter  which,  in  obedience  to  their  succes- 
sive predominancy,  may  be  seen  either  to  cohere,  as  in 
solids,  with  great  tenacity,  or  to  fly  apart  with  explosive 
violence  in  the  state  of  a  vapour.  The  existence  of  re- 
pulsion and  attraction  being  proved,  it  must  be  admitted 
that  they  are  properties  of  matter;  since  the  existence  of 
a  property,  independently  of  matter,  is  inconceivable.  But 
being  of  a  nature  to  counteract  each  other,  the  repellent 
and  attractive  powers  cannot  coexist  in  particles  of  the 
same  kind,  and  consequently  must  belong  to  particles  of 
different  kinds.  There  must,  therefore,  be  a  matter  en- 
dowed with  repulsion,  distinct  from  that  which  is  endowed 
with  attraction. 

I  conceive  that  the  phenomena  of  chemistry  demon- 
strate that  there  are  at  least  the  three  following  proper- 
ties, which,  from  their  obvious  incompatibility,  cannot  be- 
long to  the  same  elementary  particles. 
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1.  An  iimate  property  of  reciprocal  attraction. 

2.  An  innate  proper^  of  counteracting  attraction  di- 
rectly, by  impartmg  reciprocal  repulsion. 

3«  An  innate  property  of  imparting  an  attraction,  Ya- 
riaUe  in  its  force,  and  lunited  and  contingent  in  its  dura- 
tion* 

I  presume  that  there  must  be  at  least  three  different 
kinds  of  matter,  to  each  of  which,  one  of  the  propertiei 
thus  specified  innately  af^rtains. 

The  permanent  bimI  unvaryiug  attractive  power  is  ex- 
emplified by  gravitation,  and,  as  modified  by  circum- 
stances, by  tenadtv,  or  cohesion. 

It  resides  undountedly  in  eveiy  kind  of  matter  radowed 
with  weight,  and  conseauenthr  in  all  that  is  considered  as 
material  by  the  mass  of  mankind. 

It  must  likewise  act  between  each  of  those  impondera- 
ble pimcinles  which  I  am  about  to  mention,  and  all  other 
matter,  wnedier  ponderaUe  or  impcmderable. 

Tlie  power  or  imparting  reciprocal  repulsion  to  pon- 
deraUe  matter  is  supposed  by  chemists  ^nerally  to  be- 
kmg  t6  certain  imponaeraUe  material  reciprocallT  repul^ 
mm  particles,  constituting  the  cause  of  heat,  called  ca- 
loric* 

The  power  of  indirectly  counteracting  attraction,  and 
substituting  for  it  a  contingent  and  variable  attraction, 
appears  to  belong  to  electricity.  Light  also  appears  to 
exercise  a  modifying  influence. 

Thus  we  have  reason  to  infer  the  existence  of  at  least 
three  imponderable  substances— electricity,  caloric,  and 
light — each  consisting  of  particles  reciprocally  repulsive, 
yet  attractive  of  other  matter,  and  probably  more  or  less 
attractive  of  each  other. 

[Tbe  imponderable  substances  just  named  will  be  treated 
of  m  the  three  following  sections,  and  will  constitute  the 
first  part  of  the  work.  Ponderable  substances  wiU  after- 
wards be  considered,  and  form  the  second  part.] 


PART    I. 

IMPONDERABLE    SUBSTANCES. 


SECTION  I. 


ELECTRICITY. 


INTRODUCTORY  REMARKS. 

Both  the  theory  and  nomenclature  of  chemical  science 
are  at  present  grounded  upon  the  electrical  habitudes  of 
chemical  agents.  Under  these  circumstances,  a  know- 
ledge of  mechanical  and  galvanic  electricity  is  of  funda- 
mental importance;  and  to  impart  this  knowledge,  where 
it  has  not  to  a  sufficient  extent  been  made  part  of  the  stu- 
dent's previous  education,  should  be  a  preliminary  object. 
1,  therefore,  consider  it  expedient  to  place  the  section  on 
electricity  at  the  beginning  of  the  Compendium,  instead 
of  at  the  end,  where  it  has  heretofore  stood. 

There  are  additional  reasons  for  giving  precedency  to 
electricity.  There  is  no  other  science  which  stands  so 
much  by  itself,  or  which  requires  so  little  preliminary 
knowledge  to  render  it  intelligible.  This  remark  appUes 
more  particularly  to  that  portion  of  it  which  is  necessa- 
rily first  treated  of,  being  usually  designated  as  mechani- 
cal, in  contradistinction  to  voltaic  electricity. 

I  shall  assign  to  caloric  the  second  place  in  my  work, 
and  to  light,  the  third.  Thus  the  illustrations  of  the  three 
imponderable  agents,  whose  existence  is  generally  admit- 
ted by  chemists,  will  be  exhibited  in  immediate  succes- 
sion, and  the  diversity  of  their  features  rendered  more 
striking  by  their  proximity. 


IMPONDBRABLE  BUBSTANCES. 


HISTORICAL  SKETCH. 
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An  attractive  power  ia  acquired  by  reaine,  sulphur, 
glass,  and  a  variety  of  other  substances,  when  rubbed;  < 
and  if  the  masses,  thus  excited,  be  sufficiently  large,  the  ] 
phenomena  of  light,  of  mechanical  concussion,  and  igni-   \ 
tion,  may  result,  and  even  a  feeble  imitation  of  thunder 
and  lightning. 

Ab  it  was  in  amber,  in  Greek  called  Electron,  that  the 
attractive  power,  arising  from  friction,  was  first  observed, 
the  principle  to  which  it  was  ascribed  was  called  elec- 
tricity, and  all  substances,  in  which  it  could  be  produced, 
electrics. 

We  are  informed  that  Thales  of  Miletus,  who  flourish- 
ed BIX  hundred  years  before  Christ,  was  so  much  struck 
with  this  effect  of  the  friction  of  amber,  as  to  imagine 
that  it  might  be  endowed  with  animation.  Subsequently, 
it  was  ascertained  that  the  attractive  power,  which  had 
been  observed  in  amber  when  subjected  to  friction,  might 
be  produced,  by  the  same  means,  in  other  resinous  sub- 
stances, and  in  the  tourmaline,  or  lyncurium  as  it  was 
then  called,  by  exposure  to  heat. 

No  further  progress  was  effected  in  electrical  know- 
ledge until  the  seventeenth  century,  when,  after  consider- 
able additions  had  been  made  to  the  catalogue  of  electrica 
by  Gilbert  and  Boyle,  Otho  Guericke  discovered  that  light 
and  sound  might  result  from  electric  excitement.  His 
observations  were  made  by  means  of  a  globe  of  sulphur, 
cast  in  a  glass  vessel  which  was  fractured  to  extricate 
the  casting.  Little  was  it  suspected  by  the  ingenious 
operator,  that  the  glass  globe,  thus  broken,  would  have 
answered  better  for  the  purpose  in  view  than  the  globe  of 
aulpliur,  in  the  moulding  of  which  it  was  sacrificed. 

The  discovery  of  the  usefulness  of  glass  as  a  mean  of 
producing  electricity  appears  to  have  been  made  by 
Hawkesbee,  who  wrote  in  1709.  To  Grey,  who  followed 
Hawkesbee,  we  owe  the  remark  that  the  electrical  ex- 
citement of  glass  and  other  electrics  was  communicable 
to  other  bodies  when  in.sulated,  not  only  by  direct  con- 
tact, but  by  wires  or  threads  of  great  length;  and  by  this 
electrician,  in  conjunction  with  another  named  Wheeler, 
it  was  first  observed  that  this  property  of  conducting  the 
electric  virtue,  while  belonging  to  flax  or  hemp,  did  not 
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belong  to  silk;  also,  that,  by  the  class  of  bodies  in  which 
electricity  can  be  excited,  it  cannot  be  conducted ;  whilst 
in  those  by  which  it  may  be  conducted,  it  cannot  be  ex- 
cited. Thus 'were  two  classes  of  bodies  distinguished; 
one  as  electrics,  or  non-conductors,  the  other  as  non-elec- 
trics, or  conductors. 

It  was  ascertained,  however,  that  a  conductor,  if  sup- 
ported by  a  non-conductor,  might  receive  the  electric  vir- 
tue from  an  excited  electric.  A  conductor,  so  supported, 
was  said  to  be  insulated. 

Du  Faye  soon  after  ascertained  the  important  truth 
that  there  are  two  kinds  of  electrical  excitement.  One  of 
these,  being  observed  in  glass,  was  called  vitreous;  and 
the  other,  resinous,  because  observed  in  resins.  By  the 
communication  of  either  species  of  excitement,  light  bo- 
dies were  made  to  separate  from  each  other;  but  the  bo- 
dies excited  by  means  of  resins  were  attracted  by  such 
as  were  excited  by  means  of  glass ;  and  when  these  oppo- 
site excitements  were  made,  in  due  proportion,  in  different 
insulated  conductors,  on  bringing  the  conductors  together, 
a  neutralization,  and  of  course  an  apparent  annihilation, 
of  the  electricity  in  both  was  the  consequence. 

The  means  of  collecting  the  electric  fluid  were  soon 
after  much  improved  in  Germany ;  wliere  sparks  sufficient 
to  kill  birds,  and  ignite  spirits  and  other  inflammable  mat- 
ter were  produced  by  the  joint  influence  of  several  globes 
simultaneously  excited. 

In  the  year  1746,  the  Leyden  phial  was  invented.  Cu- 
neus  and  Mushenbroeck,  attempting  to  charge  the  water 
contained  in  a  phial  with  electricity,  a  shock  was  expe- 
rienced by  Cuneus,  who  happened  to  touch  the  conductor 
with  one  hand,  while  grasping  the  phial  with  the  other. 

This  phenomenon  was  soon  after  explained  by  Franklin. 
He  had  ascertained  that,  whenever  either  kind  of  electri- 
city is  communicated  by  friction  to  one  body,  the  other 
kind  will  be  created  in  the  mass  by  means  of  which  the 
friction  is  effected,  provided  it  be  insulated. 

When  a  glass  is  rubbed  by  the  hand,  it  takes  electricity 
from  the  hand,  and  from  the  person  to  whom  it  belongs. 
If  standing  on  a  non-conductor,  the  person  will  be  electri- 
fied, at  the  same  time  that  the  glass  which  he  rubs  may, 
by  contact,  excite  another  body ;  but,  then,  the  electricity 
of  the  person  who  rubs  the  tube,  and  that  of  the  body  to 
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which  he  presents  the  tube  are  of  opposite  kinds;  the 
former  being  the  resinous,  the  latter  the  vitreous  electri- 
city of  Du  Faye.  A  stick  of  resin  would  cause  the  op- 
posite result,  producing  vitreous  electricity  in  the  person 
rubbing  it,  and  resinous  in  a  body  touching  the  resin, 
subsequently  to  its  exposure  to  friction. 

These  phenomena  were  thus  accounted  for  by  Frank- 
lin. Some  bodies  by  friction  (glass  for  instance)  acquire 
additional  power  to  hold  the  electric  fluid,  and  hence  ' 
draw  it  from  the  conducting  body  rubbing  tbem,  and  give 
up  the  excess  to  any  adjoining  conductor,  when  the  fric- 
tion ceases.  Resins,  on  the  other  hand,  have  their  capa- 
city for  the  electric  fluid  lessened  by  rubbing,  and  hence, 
while  subjected  to  this  process,  give  it  out  to  the  rubber, 
and  afterwards  draw  on  any  adjoining  body  to  supply 
their  deficiency.  Glass  and  resin,  therefore,  produce  both 
kinds  of  electricity,  which  are  merely  the  result  of  an  ac- 
cumulation, or  deficiency,  in  an  insulated  body,  of  a  fluid 
which  pervades  all  nature.  A  conductor,  charged  in  either 
way,  will  produce  an  electrical  current  when  presented  to 
other  bodies  in  connexion  with  the  earth.  In  the  one  case, 
electricity  will  flow  into  the  conductor ;  in  the  other  case, 
it  will  flow  out  of  it. 

Franklin,  also,  discovered  that,  when  an  electrical 
stream  is  directed  into  a  phial,  situated  like  that  of  Ca- 
neus,  there  is,  at  the  same  time,  a  stream  proceeding  from 
the  outside;  so  that,  in  proportion  as  one  surface  gains, 
the  other  loses;  and,  accordingly,  in  a  charged  phial,  one 
surface  will  be  found  vitreousty,  or  redundantly,  excited, 
the  other,  resinously,  or  deficiently;  and  a  light  body,  af- 
ter touching  either  surface,  will  be  repelled  by  it,  and  at- 
tracted by  the  other. 

He  inferred  that  there  was  only  one  electric  fluid,  to 
diiFerent  states  of  which,  the  names  of  vitreous  and  resi- 
nous electricity  had  been  erroneously  applied.  The  latter 
he  called  negative,  the  former  positive  electricity. 

Franklin  afterwards  identified  lightning  with  electricity, 
by  drawing  this  fluid  from  the  clouds  by  meana  of  a  kite; 
availing  himself  of  a  contrivance,  which  had  previously 
been  appropriated  to  juvenile  recreation,  to  make  a  most 
subhme  and  useful  discovery. 
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ELECTRICITY  EXPERIMENTALLY  ILLUSTRATED. 

Tbe  ingenuity  of  practical  electricians  has  given  rise 
to  a  great  number  of  contrivances,  which  amuse  the  spec- 
tator by  producing  some  striking  movements,  or  changes, 
consequent  to  electrical  excitement.  The  various  appa- 
ratus thus  originated  has  been  treated  too  much  as  a 
mean  merely  of  affording  amusement.  There  is  not  a 
modification  of  electrical  apparatus  which  is  not  depen- 
dent, for  its  appropriate  effect,  upon  some  property  of  the 
electric  fluid,  which  it  may  consequently  serve  to  illus- 
trate. 

I  shall  endeavour  to  use  the  various  contrivances,  above 
alluded  to,  in  such  order  and  with  such  associations,  as 
to  make  their  employment  contribute  both  to  the  amuse- 
ment and  instruction  of  my  pupils.* 

ORDER  TO  BE  PURSUED  IN  THE  EXPERIMENTAL  ILIAJSTRATION 

OF  ELECTRICITY. 

DlSCBIFTION  OF  ElECTBICAL  MaCHINBS. ^UsVAL  MEANS  OF  FRODUCINO 

Elbctricttt. — Communication     of     Electricitt. — Different 

KINDS  OF  ELECTRICITY. MeaN8  OF  ACCUMULATING    EIlECTRICITT. 

Meanb  of  detecting  Electricity. — Effects  of  Electricity. — 
Additional  means  of  producing  Electricity. — Theoretic  ex- 
planation OF  Electrical  Phenomena. — Means  of  Electrifying 
Patients  either  with  sparks  ok  by  shocks. 

GENERIC  DESCRIPTION  OF  THE  ELECTRICAL  MACHINE. 

A  description  of  the  electrical  machine  should  be  appli- 
cable to  every  apparatus  which  bears  the  name.  I  am 
unacquainted  with  any  apparatus,  designated  as  an  elec- 
trical machine,  which  does  not  consist  of  an  electric,  so 
situated  as  to  be  conveniently  subjected  to  a  friction  cal- 

*  Tbe  studeDt  who  aims  merely  at  that  general  knowledge  which  may 
be  required  at  his  examination  for  a  degree,  is  not  obliged  to  study  all  the 
matter  comprised  in  my  text  book.  So  far  indeed  am  I  from  exacting 
attention  to  every  topic  thus  comprised,  that  my  motive  for  printing  many 
engravings,  descriptions,  and  some  abstruse  rationales,  is  to  obviate  the 
Deoessity  of  occupying  much  time  with  them  during  my  lectures.  Yet 
there  can  be  no  doubt  that  a  student,  who  will,  before  or  during  the  course, 
study  them  attentively,  will  be  much  better  prepared  to  understand,  with 
accuracy,  the  general  truths  which  my  apparatus  is  intended  to  illustrate ; 
and  it  is  but  right  that  those  who  prefer  this  accuracy  of  knowledge,  from 
taste  or  ambition  to  excel,  should  have  every  facility  afforded  to  them  in 
niaking  the  effort. 

I  shall  endeavour  to  indicate  the  relative  importance  of  the  matter  to  the 
medical  candidate  by  the  size  of  the  type. 
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culated  to  produce  electfic  excitement,  one  or  more  col- 
lectors, attached  to  a  prime  conductor  properly  insulated, 
and  one,  or  more  cushions,  for  rubbing  the  electric.  The 
cushions,  in  the  more  perfect  forms  of  the  machine,  are 
associated  with  another  insulated  conductor. 

Experience  has  shown  that,  of  all  the  electrics,  glass  is 
the  best  for  the  construction  of  electrical  machines;  and 
of  all  the  possible  forms,  only  two  are  much  in  use,  those 
of  the  cyhnder  and  of  the  circular  plate.  In  either  case, 
the  friction  is  produced  by  the  rotation  of  a  shaft,  occu- 
pying the  axis  of  the  cylinder,  or  plate,  and  fastened  by 
screws  or  cement.  The  shaft  or  axis,  being  secured  in 
one  or  more  collars  like  the  mandril  of  a  lathe,  is  turned 
by  a  winch,  or  by  a  band  and  wheels,  which  are  so  pro- 
portioned and  arranged  as  to  quicken  the  motion.  In 
cylinder  machines,  it  is  usual,  besides  the  cushion,  to  have 
a  silken  flap,  of  which  one  border  is  sewed  to  the  edge  of 
the  cushion,  so  that  it  may  extend  from  the  cushion,  till 
the  other  border  approximates  the  collectors. 

Plate  machines  are  sometimes  furnished  with  silk  flaps* 


1.  DtBcripdon  of  an  Electrical  Plaie  Machine^  the  Plate  mounted  iko- 
rixontaUy^  and  90  as  to  show  both  Negative  and  Positive  Electricity. 

The  power  pf  electrical  plate  machines  has  been  generally  admitted 
to  be  greater  than  that  of  machines  with  cylinders.  The  objection  to* the" 
former  has  been  the  difficulty  of  insulating  the  cushions,  so  as  to  display 
the  negative  electricity.  Excepting  the  plate  machine  contrived  by  Van 
Marum,  I  have  read  of  none  ui  which  this  difficulty  has  been  surmounted. 
It  is  still  insisted  upon  by  respectable  electricians,  as  if  it  had  not  been 
sufficiently  removed  by  his  contrivance. 

•  I  shall  now  describe  a  plate  machine,  by  which  both  electricities  may 
be  produced,  and  which  I  have  used  successfully  for  twelve  years. 

The  Plate  (thirty-five  inches  in  diameter)  is  supported  upon  an  upright 
iron  bar,  about  an  inch  in  diameter,  covered  by  a  very  stout  glass  cylin- 
der, four  inches  and  a  half  in  diameter,  and  sixteen  inches  in  height,  open 
only  at  the  base,  through  which  the  bar  is  introduced,  so  as  to  form  its 
axis.  The  summit  of  the  bar  is  furnished  with  a  block  of  wood,  turned 
to  fit  the  cavity,  formed  at  the  apex  of  the  cylinder,  and  cemented  therein. 
The  external  apex  of  the  cylinder  is  cemented  into  a  brass  cap,  which  car- 
ries the  plate.  The  glass  cylinder  is  liable  to  no  strain.  It  is  only  pressed 
where  it  is  interposed  between  the  block  of  wood  within,  and  the  brass 
cap  without.  The  remaining  portion  of  the  cylinder  bears  only  its  own 
weight,  while  it  effectually  insulates  the  plate  from  the  iron  axis.  The 
brass  cap  is  surmounted  by  a  screw  and  flange,  by  means  of  which,  a 
corresponding  nut,  and  disks  of  mahogany,  the  plate  is  fastened.  A 
^uare  table  serves  as  a  basis  for  the  whole.  The  iron  axis,  passing 
through  the  top  of  the  table,  is  fumislied  with  a  wooden  wheel  di  about 
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twenty  inches  in  diameter,  and  terminates  below  this  wheel  in  a  brass  step, 
supported  on  a  cross  of  wood,  which  ties  the  legs  of  the  taUe  diagonally 
together.  The  wheel  is  grooved  and  made  to  revolve  by  a  band,  which 
proceeds  firom  around  a  vertical  wheel  outside  of  the  table.  This  exter- 
nal wheel  has  two  handles,  by  means  either  of  one  or  both  of  which  it 
may  be  turned.  It  is  supported  on  two  strips  of  wood,  which,  by  appro- 
priate screws,  may  be  protruded,  lengthwise,  from  cases,  which  confine 
them  from  moving  in  any  other  direction.  Consequently,  the  distance 
between  the  wheels  may  be  varied  at  pleasure,  and  the  tension  of  the  band 
adjusted. 

Nearly  the  same  mode  of  insulation  and  support,  which  is  used  for  the 
plate,  is  used  in  the  case  of  the  conductors.  These  consist,  severally,  of 
arched  tubes  of  brass,  of  about  an  inch  and  a  quarter  in  diameter,  which 
pass  over  the  plate  from  one  side  of  it  to  the  other,  so  as  to  be  at  right  an- 
gles to,  and  at  a  due  distance  from,  each  other.  They  are  terminated  by 
brass  balls  and  caps,  which  last  are  cemented  on  glass  cylinders  of  the 
same  dimensions  nearly,  as  that  which  supports  the  plate.  The  glass 
cylinders  are  suspended  upon  wooden  axes,  surmounted  by  plugs  of  cork, 
turned  accurately  to  fit  the  space  which  they  occupy.  The  cylinders  are 
surrounded  and  secured  below,  by  wooden  rings  screwed  to  the  table.  In 
thb  way  the  conductors  are  effectually  insulated,  while  the  principal  strain 
is  borne  by  the  wooden  axes. 

2.  EUdrical  Ma4:hine<t  ^^^  ^  Plate  four  feet  in  diameter. 

The  o^XMite  engraving  represents  a  machine,  which  I  have  recently 
constructed  so  as  to  be  permanently  affixed  to  the  canopy  over  the  hearth 
of  my  lecture  room.     See  plate  at  the  commencement  of  this  volume. 

This  situation  I  have  found  convenient  even  beyond  my  expectations ; 
as  the  machine  is  always  at  hand,  yet  never  in  the  way.  In  lecturing, 
with  the  aid  of  a  machine  on  the  same  level  with  the  lecturer,  one  of  two 
ioconveniences  is  inevitable.  Either  the  machine  will  occasionally  be  be- 
tween him  and  a  portion  of  the  audience,  or  he  must  be  between  a  portion 
of  the  audience  and  the  machine.  Situated  like  that  which  I  am  about  to 
describe,  a  machine  can  neither  hide  the  lecturer,  nor  be  hidden  by  him. 
With  all  its  power  at  his  command  while  kept  in  motion  by  an  assistant, 
he  has  no  part  of  it  to  reach  or  to  handle  besides  the  knob  and  sliding  rod 
of  the  conductor,  which  is  in  the  most  convenient  situation. 

The  object  of  this  machine  being  to  obtain  a  command  of  much  electri- 
cal power  for  experiments,  in  which  such  power  is  requisite,  it  was  not 
deemed  necessary  to  insulate  the*  cushions  and  the  axis,  as  in  the  horizon- 
tal plate  machine. 

The  prime  conductor  is  insulated  upon  the  same  plan,  as  those  de- 
scribed in  the  last  article.  At  C  C  are  the  collectors.  R  represents  a 
sliding  rod,  which  may  be  drawn  out  to  such  an  extent,  as  to  be  brought 
in  contact  with  any  apparatus  placed  under  it  upon  the  table. 
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8.  Engraving  and  Deaeription  of  an  Electrical  Cylinder  Machine. 


A,  the  glass  cylinder — C,  the  positive,  or  prime  conductor,  supported  on 
a  glass  pillor — E,  the  collector  with  its  points  so  projecting  as  lo  be  quite 
near  to  the  cyliader.  The  negative  conductor,  F,  is  also  upheld  by  a  glasa 
pillar,  supporting  (he  rubber  or  cushion  to  which  the  silk  flap,  G,  is  at- 
tached. By  means  of  a  set  screw,  the  larger  wheel  may  be  made  more  or 
less  remote  from  the  smaller  one,  so  as  to  adjust  the  tension  of  the  band 
by  which  motion  ia  communicated  to  the  one  from  the  oilier. 

The  former  being  turned  by  the  winch,  causes  the  smaller  one  to  re- 
volve, and  of  course  the  cylinder  lo  the  axis  of  which  it  is  affixed.  The 
revolution  of  the  cylinder  while  the  cushion  is  pressed  against  it  by  a  suit- 
able spring,  causes  the  friction  which  is  requisite  to  excite  each  portion  of 
the  cylinder  as  it  successively  passes  the  cushion.  Each  of  the  conduc- 
tors is  furnished  with  projecting  brass  knobs,  whence  to  take  sparks. 

USUAL  MEANS  OF  FBODUCISG  ELECTRICITY, 

It  has  been  stated,  in  the  precediDg  remarks,  that  an 
attractive  power  is  acquired  by  resins,  sulphur,  glass,  and 
a  variety  of  other  substances  when  rubbed: — also,  that 
bodies,  susceptible  of  this  species  of  e.xcitement,  are  called 
electrics,  aod  the  principle,  on  which  it  is  supposed  to 
be  dejiendent,  is  called  electricity. 
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A  represents  a  glass  tube. 

B,  a  similar  tube  coated  with 
sheU  lac,  or  sealing  wax. 

C,  an  iron  rod,  furnished  at 
one  end  with  a  wooden  handle, 
while  throughout  the  greater 
part  of  its  length,  it  forms  the 
axis  of  a  cyKnder  of  sulphur. 

Either  of  the  instruments 
thus  constituted,  being  rubbed, 
either  with  a  silk  handkerchief, 
a  cat  skin,  or  a  leather  coated 
with  amalgam,  will  become 
sufficiently  excited  to  attract 
leaf  metal,  and  produce  other 
indications  of  electricity.  The 
amalgam  and  leather  can  only 
be  used  advantageously  with 
the  glass. 


4.  Experimental  Ulustraiions. 

Friction  of  amber,  glass,  resin,  sulphur.  Large  glass 
tubes  rubbed — also,  cylinders  of  sulphur  and  of  resin. 
Thin  metallic  leaves  attracted,  at  a  considerable  dis- 
tance, either  by  the  glass,  the  sulphur,  or  the  resin. 

Electrical  machines  put  in  operation. 

COMMUNICATION  OF  ELECTRICITY. 

The  electric  virtue  cannot  pass  from  one  part  of  an 
electric  which  is  excited  to  another  without  extraneous 
aid;  nor  can  it  pass  off,  from  one  electric,  through  any 
other.  Hence  these  substances  are  called  non-conduc- 
tors. Through  metals,  on  the  other  hand,  it  escapes  in- 
stantaneously. It  passes  with  ease  through  flax  or  hemp, 
bat  not  through  silk.  Water  it  pervades  with  great  fa- 
cility, or  any  thing  which  contains  moisture. 

Substances  which  are  thus  capable  of  transmitting 
electricity  are  called  conductors,  and  are  divided  into 
perfect  and  imperfect  conductors.    The  metals  are  the 
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only  perfect  conductors.     All  other  conductors  are  im- 
perfect; and,  at  the  head  of  this  class,  is  charcoal,  as  J 
being  the  best  conductor  of  electricity  next  to  the  metals.  ' 

Experimental  Proofs  that  ElectricUy  does  not  pass  from  one  4 

part  of  an  Electric  to  another  ^  through,  or  by  means  of,  an'" 

Electric.  * 

5.  An  Experimental  Illustration.  1 

One  part  of  a  cylinder  of  sulphur,  or  of  glass  being  ex-  * 

cited  by  friction,  so  as  to  attract  light  bodies;  another  ■ 

part,  not  being  rubbed,  is  not  found  to  attract  them.  I 

6.  Pca/e's  Experiment.  I 

Among  the  multitude  of  electrical  contrivances  already  | 
alluded  to,  that  which  we  owe,  as  I  believe,  to  Mr. 
Franklin  Peale,  deserves  more  than  ordinary  praise  for 
its  sitnplicity  of  construction,  and  beauty  of  eflect.  One 
modification  of  Peale's  apparatus  is  represented  by  the 
following  engraving,  which  I  shall  proceed  to  explain. 


A  bell  glass  is  bnlanced  upon  a  pivot  reaching  inlernally  to  the  apex, 
betweea  wires  supported  on  glass  pillars.  One  wire,  A,  communicating 
with  the  positive,  the  other,  B,  with  the  negative  pole  of  the  machine. 
Under  these  circumstances,  if  the  machine  be  put  in  operation,  the  por-j 
tion  of  the  glasa  next  to  the  wire,  A,  becomes  positively  excited,  that 
B,  negatively  excited.  Consequently,  agreeably  to  the  general  law  th&t 
bodies  similarly  electrified  separate,  those  dissimilarly  electrified  npproach| 
each  excited  portion  of  the  glass  will  move  away  from  the  wire  similarly 
excited,  and  will  seek  that  which  is  differently  excited.    Thus  the  excil ' ' 
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ments  changing  ibe  situations  of  ihe  ejiciled  ports,  and  their  exchange  of 
ulutttion  iFvi-rsing  iheir  escilements,  u  rapid  movemenl  must  ensue,  in  the 
oaly  node  jo  which  it  can  luke  place  freely ;  I  mean  that  of  a  rotation  on 
the  pivot 

L       The  bell  is  omamcDted  hy  strips  of  gilt  paper,  whicli  renders  the  mo- 

L|tiOb  more  sensible  to  the  eye;  but  no  coaling  is  requisite  1o  the  appro- 

Byriaie  effect.     A  bare  bell  glaaa  is  sufficient. 

W-  ir  ihe  metallic  band,  C,  be  mode  to  encompass  the  bell  gloss,  it  will  be 
found  incapable  of  receiving  any  motion  from  the  electrical  escitemenl. 
In  laci,  the  electric  fluid  will  be  seen  passing  into  it  on  one  side,  and  pass- 
ing out  of  it  simuiuincously  on  the  other  side;  proving  that  it  cannot, 
Boder  these  circutnatonccs,  retain  any  excitement,  in  CDnsequence  of  the 
eonductii^  power  of  the  metallic  bund. 

Mr.  Peale's  experiment  was  performed  by  means  of  a  globular  glass 
wasol  with  a  short  neck,  or  perforation  for  the  admission  of  the  pivot  wire. 
Tlie  pupil  will  perceive  that  I  have  availed  myself  of  this  apparatus,  to 
show  that  the  electrical  excitement  communicated  to  one  part  of  a  non> 
Kinducior,  does  not  extend  itself  to  othcTsj  and  that  consequently  in  dif. 
ferent  parts  of  the  same  non-conducting  mass,  opposite  kinds  of  electrical 
excitement  may  be  produced.  It  is  owing  lo  this  property,  that  the  glass 
Ml  is  put  into  motion.  The  electric  fluid,  being  unable  to  pass  along  llie 
glass,  in  its  eBbrts  lo  seek  an  equilibrium,  moves  llie  glass  along  with  it, 
in  consequence  of  an  aitractjon  arising  between  each  wire,  and  that  part  of 
the  glass  which  has  a  diflercnt  excitement. 

That  the  phenomenon  owes  its  existence  to  the  non-conducting  power  of 
the  glass,  is  shown  by  encircling  it  with  a  metallic  band,  through  which 
the  fluid  passes  from  one  side  of  (he  glass  to  the  other  with  periecl  ease. 
Dnder  these  circumstances,  that  diversity  of  excitement,  wliich  would 
cause  the  rotatory  motion,  cannot  arise. 


7-  Modifiratian  of  Pialc'i  Expermfit. 


I  with  tbe  diSerent  coadactors 
;eilouiont  upon  tho  aurficos  of 
tfc«  (lobe*,  IQ  lie  neighbourhood  of  thoir  poinlsd  tetininalronB.  A  niTolntion  oT 
ftteicited  mifacei,  arigiag  rroin  the  ntlracUon  of  tha  difieroallj  eiciled  wirsa, 
MMmsntlj  eiuaea,  in  a  manaer  MttlDgou*  to  Uut  aJteid;  deacrib«d  in  tlis  cue  of 
&•  bul  glaa  ibore  mantiooed. 
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S.  JddUiimel  Rim 
Tbe  principte  explained  by  the  precadiu^  ei 
illuilralion  by  meuHorBn  eiperiment,  for  the  i 
ia  iDtended. 


A  slaiu  bill  ia  sapported  on  r  glus  plits.     On  Ihe  plate,  strips  of  tin  foil  i 
pulM,  aa  to  form  a  broad  circle  or  border  near  the  margin  of  the  plate,  and  four 
radii  to  that  circle.     There  ia  likewise  a  daX  braaa  rinv,  aiippoTted  and  of  coat"  '~ 
anlated  by  glass  pillars,  so  as  to  have  it*  inner  edge  immediately  over  tbe  ej 
edge  of  the  foil. 

The  brass  ring  bein^  in  commuDicalion  with  Ibo  prime  ronductor  of  the  machin* 
in  operation,  and  tbe  tin  foil  in  communication  with  Ihe  cushions,  the  ring  and  foil 
will  be  oppositely  electrified.     The  ball,  being  attracted  by  the  ring,  becomes  pon>^ 
titrely  electrifiodin  the  part  which  comes  in  contact  with  it.     The  pari  thus  elc 
trified  will  then  he  altracled  by  the  foil,  and  communicating  its  charge,  return 
the  ring  to  undergo  another  change.     Different  partg  in  succession  undergo  tbe 
electrical  changes,  and  the  consequent  moTemonta,  whiah  are  of  coarse  compU- 
caled  and  amueing, 

9.  Experimental  Proofs  tliat   Mclals,  Charcoal,   Moisturef 

and  Flax  or  Hemp  are  Couductors  of  Electricity,  and. 

that  Sulphur,  Resitts,  Glass,  Silk,  arid  Wool  are  iVW 

conduclors- 

The  electrical  machioe,  being  in  operation  bo  as  to 
emit  sparks,  or  to  act  upon  pith  balls,  or  other  light  bo-i 
dies,  those  electrical  effects  cease,  when  the  conductor, 
which  is  the  immediate  cause  of  them,  ia  touched  with  & 


lomena  do  not  cease,  in  consequence  of  the  contact 
glass  rod,  or  of  cylinders  of  sulphur  or  resin ;  nor  are 
diminished,  by  an  attachment  of  woollen  or  silken 
igs,  as  in  the  case  of  those  of  flax  or  hemp.  The 
3  rod,  or  the  woollen  or  silken  strings,  being  soaked 
ater,  the  electricity  is  carried  off  by  them  from  the 
luctor.  Electricity  escapes  from  the  conductor  with 
■  through  a  tube  filled  with  water. 

DIFFERENT  KINDS  OF  ELECTRICITY, 
may  be  learned,  from  the  brief  account  of  the  rise 
progress  of  electricity,  (page  6)  that  the  electrical 
lemcnt  which  may  be  produced  in  glass,  by  friction, 
rs  from  that  which  may  be  produced,  by  the  same 
DS,  in  resin,  or  sulphur:  that  ligiii  masses,  as  paper, 
ith  balls,  separate  from  each  other,  when  either  ex- 
oent  has  been  imparted  to  both:  but  if  one  body  re- 
E8  the  resinous,  the  other  the  vitreous  excitement,  an 
iction  between  them  will  ensue.  Both  excitements, 
je  proportion,  neutralize  each  other.  Also,  whenever 
;r  excitement  is  produced,  in  one  body,  the  other  will 
3  in  some  other,  if  both  bodies  be  supported  by  non- 
iuctors,  so  as  to  prevent  the  escape  of  electricity  as 
I  as  geoecated.    lleuce  if  a  person,  standing  on  a 
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cbine  is  put  in  motion,  the  insulated  cushion  which  rubs 
it,  acquires  the  resinous  excitement,  while  the  prime  con- 
ductor becomes  excited  vitreously-  If  a  globe  ol  sulphur^ 
or  resin  were  substituted,  the  cushion  would  receive  the 
vitreous  excitement,  while  the  conductor  would  be  excited 
resinously. 


10.  Deioription  t^  BeTmet's  Gold  Leaf  Eleetromeler. 


A  glass  cytinder,  Eupporled  by  a  melallic 
peijeslal,  '19  surmounted  by  a  metallic  cano- 
py; from  the  centre  of  which,  two  tapering 
strips  of  cold  leaf  are  suspended.  Strips  of 
tin  foil,  T  T,  arc  posted  on  the  glass,  sa  aa 
to  terminate  at  the  upper  enda  a  little  abova 
the  level  of  the  lower  ends  of  the  gold  leaves, 
and  so  as  to  be  in  contact  below,  with  the 
pedestal.  This  should  be  uninsulated.  The 
gold  leaves  are  more  energetically  attracted 
in  consequence  of  the  proximity  of  the  tin 
foil. 


11.  Experimental  Ilhistralions. 

The  leaves  of  lite  electrometer  diverge  on  the  approach 
either  of  excited  sulphur  or  glass;  but  when  both  are 
approximated  to  it  at  once,  the  leaves  will  display  no  di- 
vergency. 

Electrical  machine  shown,  each  conductor  being  fur- 
nished with  a  quadrant  electrometer.  As  the  cylinder 
is  turned,  the  pith  ball  of  each  electrometer  rises.  As 
often  as  a  spark  is  taken  from  either  conductor,  tha 
pith  ball  of  the  electrometer  on  it  falls;  and  when  a  me- 
tedlic  wire  is  made  to  touch  both  conductors  simulta- 
neously, neither  of  the  pith  balls  indicates  any  excite- 
ment. 

Of  Electric  Poles  and  Electric  Circuits. 

There  is  a  resemblance  which  will  hereafter  be  recurred 

to,  between  the  reciprocal  action  of  magnets  and  that  of 

electrics,  of  which  the  extremities  are  in  opposite  states* 

Under  such  circumstances,  the  poles  similarly  electrified,^ 
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or  mwSa^  mameitiBeA^  appear  to  rqpel  each  other;  while 
thon  in  duurimuar  Btates  appear  to  exercise  a  reciprocal 
attraction* 

The  extremities  of  the  magnets,  from  their  exercising  a 
reaction  with  the  terrestrial  poles  analogous  to  that  which 
tbejr  exercise  reciprocally,  were  called  poles ;  ^  that  which 
is  attracted  by  the  north  pole  of  the  earth  being  designated 
ss  the  north,  pole,  the  other  as  the  south  pole.  From  the 
analogy,  the  extremities  oCexcited  electrics,  and  of  galvanic 
•Dd  ;;Qrtaic  inBtroments  having  properties  reeembliiig  t]v»e 
of  excited  electrics,  received  the  same  appellation.  Henoe 
electricians  speak  of  the  positive  and  tne  negative  poles, 
of  the  electric  machine,  of  the  galvanic  battery,  or  of  a 
voltaic  series,  Whether  in  the  form  of  die  trough,  or  of  the 
pfle* 

Aa  a  ffeneral  definition,  potes  may  be  alleged  to  be  those 
parte  of  an  electric,  galvanic,  or  voltaic  circuit,  at  ifi^icfa 
igmtion,  light,  chemical  decomposition^  or  sensation  are 
perceived*  ^ 

When  die  conductors  of  a  machine  in  operation  com- 
municate by  a  wire  or  rod,  or  other  competent  conduct- 
ing body  or  bodies,  an  dedric  circuit  is  said  to  be  formed. 
The  electric  fluid  flowing  into  the  cushion  from  the  nega- 
tive conductor  supporting  it,  is  by  the  electric  carried  to 
the  positive  conductor,  whence,  by  means  of  the  conduct- 
ing communication,  it  returns  to  the  negative  conductor. 
Agreeably  to  the  hypothesis  of  two  fluids,  there  is  in  such 
case  a  double  circuit.  Two  fluids,  separated  from  each 
other  by  the  friction,  move  in  opposite  directions,  and 
meeting  and  combining  in  the  conductors  as  soon  as  se- 
parated, the  equilibrium  is  not  sensibly  altered. 

In  making  or  breaking  such  a  circuit,  sparks  will  appear 
at  the  time  and  place,  when  and  where  the  interruption  is 
such  as  to  allow  them  to  occur.  In  that  case  the  poles 
are  at  the  points  through  which  the  sparks  pass. 

The  poles  of  an  electric  machine  and  the  conductors  are 
often  mentioned  as  if  they  were  identical.  In  fact,  the 
poles  are  usually  at  some  points-  in  the  surfaces  of  those 
conductors.  They  vary,  however,  at  the  pleasure  of  the 
operator ;  since  they  always  exist  at  those  parts  of  the 
conductors  (or  of  any  conducting  body  or  bodies  touching 
one  or  both)  which  are  nearest  to  each  other,  or  at  which 
ifarkapass. 
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It  sliould  be  understood  that  any  conductor,  especially 
any  perfect  conductor,  assumes  the  same  electric  state  as 
the  pole,  with  which  it  may  be  in  connexion;  and  that  a 
contact  between  either  pole,  and  one  extremity  of  a  rod, 
or  wire,  transfers  the  polar  influence  to  the  other  end  of  j 
that  rod  or  wire.     The  pole  is  properly,  that  point  at  j 
which  the  excitement  is  moat  active,  and  experience  shows 
this  state  to  exist  always,  either  at  the  most  prominent  j 
part  of  the  electrified  muss,  or  that  nearest  to  any  promi*  I 
nent  part  of  the  other  pole. 

In  operating  with  an  electric  machine,  of  which  the  ., 
rubber  is  uninsulated,  the  earth  usually  forms  a  part  of  J 
the  circuit,  and  any  conductor,  the  human  body  for  in- 
stance, which,  while  it  has  a  conducting  communicatioa  j 
with  the  earth,  happens  to  be  nearest  to  the  positive  pole, 
acts  as  the  negative  pole,  when  the  machine  is  in  opera- 
tion, and  there  is  sufficient  proximity.     This  is  indicated 
by  the  passage  of  sparks. 

I  have  dwelt  upon  this  subject  more  particularly,  as  the 
acceptation  of  the  word  pole  among  men  of  science  has 
latterly,  by  its  practical  and  theoretical  associations,  be- 
come of  tlie  highest  importance. 

MEANS  OF  ACCUMULATING  ELECTRICITY. 

In  the  case  of  the  insulated  conductors  of  an  electrical 
machine,  oppositely  excited  by  the  revolution  of  a  glass 
surface  which  successively  rubs  the  cushions  supported  by 
one  of  the  conductors,  and  passes  under  metallic  points 
projecting  from  the  other,  it  has  been  shown  that  it  is 
only  necessary  to  make  a  communication  between  them, 
by  a  perfect  conductor,  in  order  to  destroy  their  respec- 
tive excitements.  It  follows  that  the  surcharge  in  tlie  one, 
must  have  been  just  equivalent  to  the  deficiency  m  the 
other;  and  that  of  course  the  whole  quantity  of  electricity 
in  the  conductors  is  the  same,  whether  they  be  in  a  state 
of  excitement  or  of  quiescence. 

It  has  also  been  shown,  that  the  electric  fluid  does  not 
pass  through  electrics,  or  from  one  part  of  an  electric  to 
another. 

I  shall  now  proceed  to  demonstrate  that,  if  an  electric, 
sufficiently  thin  and  strong,  as  a  pane  of  glass  for  in- 
stance, be  charged  on  either  side  with  either  kind  of  elec- 


ELECTRICITY. 


[  tricitv,  the  other  side  of  the  pane  will  acquire  proportit 
'  ablv  a  charge  of  the  opposite  nature. 


nd  by     I 


]2.  Experitnental  IllustraiioiU' 

A  dry  glass  pane  being  held  in  one  hand  by 
ita  insulating  handle,  sparks  arc  taken  from  the 
excilcd  conductor  of  an  electrical  machine,  with 
the  knuckle  of  the  other  hand.  The  glass  pane, 
being  inteqiosed  between  the  knuckle  and  the 
conductor,  at  first  does  not  appear  to  intercept 
the  sparks  ;  yet,  as  they  gradually  diminish  and 
finally  cease,  they  are  obviously  intercepted  by 
[lie  pane,  sooner  or  later.  The  pane  being  sup- 
pi  irlod  by  the  handle,  on  touching  the  surfaces 
in  the  part  which  has  been  exposed  to  the  sparks 
mIiIi  one  hand,  while  the  part  opposite  on  the 
-'■h'-r  side  of  the  pane  is  touched  by  the  other 
. I. ([!<!,  anelectrical  discharge  lakes  place.ashock 
is  I'.xperienced,  and  the  electrical  excitement  dis- 
np|)car3. 

It  follows,  that  the  sparks  which  had  appa- 
rently passed  through  the  pane,  had  actually 
been  arrested  by  the  surface  nearest  to  the  con- 
ductor, and  had  appeared  to  reach  the  hand, 
because,  for  every  spark  received  on  one  aide, 
an  equivalent  portion  of  the  electric  fluid  is  ex- 
pelled in  the  same  form  from  the  other  aide. 

13.  Coated   Pane. 


A  pane  of  glass  is  coated  od  both  siHes  with  tin  foil,  excepting  a  space 
"*"■"■  I  two  inches  from  thf  edge  all  round.     The  two  coalings  are  made 
f  to  communinilf,  for  a  short  time,  with  the  two  insulated  oonduc- 
■  eledriCAl  machine,  while  la  operation,  the  coatings  being  other- 
)d>    The  pane  being  then  suspended,  and  the  di^rent  coatinga 
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Kverally  allowed  to  communicate  through  a  metallic  arc,  a  cha^e  eosaes, 
more  or  kas  powerful,  according  Co  the  power  of  the  machine,  the  exteat 
of  the  coated  surface,  and  the  dryness  of  the  air. 

14.  Of  the  Leydm  Jar. 

la  the  Historical  Sketch,  (page  7) 
some  account  has  been  given  of  this  cele> 
biated  invention.  The  adjoining  cut  is 
a  representation  of  it  in  an  approrad  fbmk 
There  is  no  essential  difierenoe  between  a 
coaled  phial,  and  a  coated  pone.  Tbe 
existence  or  absence  of  curvature  in  the 
interposed  stratum  ofglBas  does  not  aen- 
siUy  a^ct  the  result,  either  in  theory,  or 
in  practice,  excepting  as  respects  convfr 
niency. 

The  form  of  (be  jar  is  more  favourable 
to  the  retention  ofacharge;  asitdoesnot 
allow  such  free  intercourse  between  the 
inner  surface  and  the  air. 

The  coating,  it  will  be  observed,  is  re- 
presented as  extending  both  on  the  inside 
^  and  on  the  outside,  till  within  a  distance 
~  from  the  brim  equal  to  about  one-fourth 
of  (be  whde  height  of  the  jar.  The  jar 
is  closed  by  a  broad  wooden  Steele, 
thioogh  the  centre  of  which  pesses  a  metallic  rod,  terminated  above  by  a 
knob,  and  below  by  a  spiral  of  wire,  which  establishes  a  sufficient  contact 
with  the  inner  coating. 

The  most  coavenient  mode  of  chargmg  such  a  jar  is  to  gia^p  it  in  the 
hand,  and  present  it  to  the  knob  of  the  prime  conductor,  while  (be  cush- 
ions are  uninsulated,  or  in  communication  with  the  outer  coetiDg  by  means 
of  a  chain  or  wire. 

IS.  Cf  the  Commm  DUcharger. 
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TTiifl  name  is  given  to  an  inslrumeiil,  of  which  the  preceding  figure  is  a 
r*T>rps<'nlalion,  and  which  m  emploviKi  in  comjileiing  ihe  circuil  between 
■he  charged  surfBC^s ;  thus  enabling  the  excess  in  one  to  be  discharged 
into  li»  other. 

The  TO(b,  R,  R,  are  joined  by  a  hinge;  so  that  by  means  of  (he  glass 
butdles  to  which  they  btc  severally  affixed,  the  terminating  knobs  may  be    '  , 
OMuIb  Io  come  in    contact,  or  to  be  remote  from  each  other  aa  in  the 
Sgan. 

A  charge  is  imparled  equally  well  by  the  co  t  com-       ' 

mumeatioti  of  either  coating  with  cither  conduc 

The  charging  of  a  coated  pane  or  jar  ma  ted,  ' 

provided  either  of  tlie  surfaces  are  in  commu  cith  ,*« 

either  conductor,  the  other  surface  comi  'ith 

the  other  conductor,  one  or  both  of  the  c  ng 

insulated.     In  whatever  way  a  charge  mi  «d,  it 

will  be  found  that  the  one  surface  loses  ,  to  the 

other  gains;  since  a  conducting  communii  /ays    ■ 

sufficient  to  bring  them  both  back  to  a  state  v  mlifv. 

Hence  as  the  sum  of  the  quantities  on  both 
pane  is  always  the  same,  charging  the  pane  does 
derange  the  electrical  equilibrium  of  the  surround 
dium. 

The  charge  must  vary  in  its  strength  according  t 
power  of  the  machine,  the  dryneBs  of  the  air,  and  ine 
thickness  of  the  glass ;  since  Uie  self-repellent  power  of 
the  electric  particlee,  and  their  attraction  for  the  negative 
surface  of  the  glass  must  be  inversely  as  the  squares  of 
the  distances  at  which  they  operate. 

On  this  accouilt,  aa  a  plate  of  mica  may,  with  less 
thickness,  possess  greater  strength  than  a  glass  pane,  it 
will,  in  proportion  to  the  respective  areas,  receive  a  much 
higher  charge.  A  certain  degree  of  strength  is  necessary 
to  enable  the  glass  to  resist  the  intense.attraction  between 
the  surcharge  of  electricity  on  the  positive  side,  and  the 
surface  of  the  glass  on  the  negative  side.  In  obtaining 
this  strength  in  the  glass,  we  increase  the  distance  be- 
tween the  surfaces,  and  of  course  dlminifdi  the  efficacy  of 
the  self-repellent  and  attractive  powers  on  which  the  cbai^ 


16.  Experimental  Bludrations. 
That  tbe  charges  may  be  imparted  through  either  coat- 
ing by  either  conductor,  shown  by  duly  chftrging  and  dis- 
<^t^i&g  coated  panes  and  Jars. 
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17.  Experimental  Proofs  that  the  different  Surfaces  of  a 
charged  Electric  are  oppositely  electrified. 

If  from  the  conductor  of  an 
electrical  machine  in  operation, 
a  Leyden  jar  be  suspended  by 
a  metallic  hook,  connected  with 
one  of  its  coatings,  it  receives  no 
charge  until  the  other  coating 
is  approximated  by  a  conduct- 
ing substance,  which  communi- 
cates directly  or  indirectly  with 
the  other  conductor  of  the  ma- 
chine. 

If  one  or  more  bodies,  as,  for 
instance,  little  metallic  balls,  qua- 
lified  to  acl  as  bell  clappers,  be 
suspended  at  a  suitable  distance  between  bells  severally 
communicating  with  the  coatings  of  a  charged  pane  or 
jar,  the  balls  will  play  between  the  bells,  demonstrating 
them  to  be  oppositely  electrified  by  their  communication 
with  the  different  surfaces. 


Ths  bBUa,tj  o 
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TheHtUe  toetdlic  batls,&,A,uid  the  bell  silaatiMllntwcon  them,  being  Buipended 
b*  nlk,  which  u  ■  non-eondnctnT,  cuinol  Teciive  the  elpclricil  eicitenient  com- 
mDaicaUil  to  the  inner  c«bn  j  of  the  jar.  But  Ihe  two  outer  bolls  being  suapeiujed 
bj  inelalhc  chains  rrom  ■  metallic  rod  communicating  with  Ibe  inner  coaUng,  Wi)l 
partake  c(  the  eicitemenl  in  this  coating  Conaefiuenlly  the  bills  remaining  nen- 
timl.  utitie  the  outer  bells  are  eiciled,  are  attracted  bj  these,  and  on  cominf  in  cdb- 
tiel  with  them  receive  a  quantltj  or  the  electric  fluid  adequate  to  bring  tliem  to  the 
■aow  deeree  o[  eicilcmcnl.  Hence  in  the  neil  place  Ihej  Bcpatale  from  theia 
bcUs.  and  at«  Bltncled  bj  the  central  bell,  which,  b;  means  or  a  chain  coniieellng 
it  with  the  external  aurlace  of  the  jar,  is  brought  into  the  aanie  electrical  slate  aa 
tltis  GoatinK,  and  muat  of  course  be  in  a  slau  oppoailc  to  that  af  the  otheT  surface. 
~    '   "  irith  the  ceatral  bell,  lou  ai  mnch  otoclricilr  as  will  bring 

9  ae  this  bell,  and  are  then  separated  from  this  bell :  and  are 
•anEivd  Ijr  Um  Mhers,  are  agsin  leparated,  and  an  again  attracted,  until  b;  repe- 
titm  IIm/  tnmTer  the  surcharge  on  one  mrrace  to  the  other,  and  thus  restore  the 
MulibtiDm.  Gravitation  operating  upon  the  halli  sa  upon  the  penduluht  of  a 
HKk,  BVidenllj  conipirei  to  sustain  Iheii  vibrations. 

The  length  of  time  tlat  the  bells  may  be  kept  ringing  bj  the  vibration  of  Ibe 
tiBs.  when  the  air  is  dij.  ma^  eicile  surprise  at  first ;  but  it  should  be  roeollected 
dist  tfaa  balls  can  only  carry  off  at  each  stroke  a  portion  of  the  electric  Buid,  which 
It  to  the  whole  quantity  in  the  coating,  as  tlie  suporticies  cf  the  ball  is  to  the  sur- 
&ea  of  the  coating;  or  Iobb,  probably,  than  as  odo  lo  ten  thousand. 

Meialiic  coalingB,  employed  as  in  Oie  preceding  experi- 
I  Wnf«f  are  of  use  in  conveying  the  charge,  but  do  not  con- 

The  effect  of  the  tin  foil  is  simply  to  cause  the  speedy 
ud  equal  distribulion  of  the  electricity  over  the  surface 
of  the  glass,  which,  being  an  electric,  cannot  by  itself 
convey  the  excitement  from  one  part  of  its  surface  to 
aootber.  Hence  a  pane  without  coatings  can  only  be 
partially  charged  or  discharged  at  one  contact. 

19,  Pane  with  Moteable  Coatings. 

TT  represenis  metallic  sliwta,  whinh  are  used  as  rxiatings  to  a  pane, 
kIso  reptcaeiited  in  the  figure.  One  of  the  itbeels  is  insulmed  by  being 
supported  upon  a  Btaod  with  a  glasi,  leg,  the  other  by  being  held  by  b 
gluB  handle. 
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Experimental  lUuttraiion. 

A  glass  pane,  P,  held  by  menns  of  an  iosulatiiig  htindle  of  the  same  ma- 
terials, is  made  to  touch  the  knoh  of  un  excited  cooductor  of  ihe  electrical 
machine  on  one  side;  while  aimiher  metallic  knob,  communi eating  tvilh 
the  other  conductor  of  the  machine,  is  made  lo  touch  the  pane  on  ibe 
other  side,  in  Ihe  part  opposite  lo  the  first  mentioned  knob.  By  varying 
the  situalion  of  ihe  knobs,  the  pane  is  charged  wherever  its  surfaceG  have 
been  sufficiently  in  the  vicinity  of  the  knobs.  While  thus  prepared,  it  ii 
supported  by  its  handle,  and  one  hand  of  the  operator  approximated  to  one 
sioe,  while  the  other  hand  approximates  the  other.  It  can  only  be  gra- 
dually discharged,  as  it  n'as  charged ;  the  kuuckles  being  made  lo  aasume, 
successively,  the  various  positions  relatively  to  the  pane  previously  occu- 
pied by  the  knobs.  But  the  pane  being  again  charged  by  the  knobs, 
with  the  aid  of  the  coatings,  T,  T,  properly  applied,  the  surfaces  are  tho- 
roughly and  instantaneously  discharged  by  contact  of  the  hands  or  other 
competent  conductor  with  those  coalings.  The  coalings  being  applied  to 
the  pane  whilst  charging,  and  then  removed,  the  discharge  can  only  be 
effected  gradually. 

Any  other  conducting  substance  which  will  accommodate  itself  to  the 
surface  of  the  glass,  may  be  substituted  for  tin  foil.  But  metals  are  pre* 
ferable,  as  they  are  pre-eminently  ihe  best  conductors, 

20.  Glasg  Vegsel  to  gihiated  at  thai  Water  it  mode  to  jterform  the  tame 
ofice  at  Metallic  Coatingg  itt  the  Let/den  Phial,  illuttrating  the 
original  Experiment  of  Cuncus  and  Mmhenbroeek, 

A  glass  vessel,  containing  a  quan- 
tity of  water,  of  which  the  surface 
should  be  about  two  inches  below 
the  brim,  and  moistened  to  the  samft 
height  on  the  outside,  may,  as  in  the 
celebrated  experiment  of  Cuncus  and 
Mushenbroeck,  be  charged  and  dis- 
charged by  the  same  means  as  the 
pane  or  phial  coated  with  tin  foil, 
though  leas  advantageously. 

Gold,  silver,  or  copper  leaf,  me- 
tallic filings,  or  mercury  may  be 
substituted  for  the  coatings  of  b 
Leyden  jar.  When  metallic  filings 
are  glued  to  the  surfaces  of  a  pane 
or  jar  within  the  space  usually  al- 
lotted lo  the  tin  foil  coatings,  the 
&  _s^^Sl^      disconlinuily  of  ihc  conducting  sur- 

faces causes  the  passage  of  the  elec- 
tricity fmm  ime  [>orii(iii  to  another  to  be  indicated  by  splendid  comisco- 
tions,  wtueh  will  hereafter  be  fully  illustrated. 

21.  Experimental  Demonttralion  that  the  Charge  of  a  Leyden  Jar  doet 

not  reside  in  the  Coalings. 

That  the  charge  does  not  reside  in  the  coalings,  may  be  proved  by  re- 
moving them,  touchmg  them  with  the  hand  while  separated  from  the  glass. 


ELECTRICiTV. 

and  sticnvards  rcptaciog  tbcm,  and  simullaxieously  touching  them.  A 
dtock  will  be  received  in  tlie  same  way  as  if  ihey  had  nol  been  rcmoved- 
Inslcad  of  tin  foil  coatings,  a  metallic 
case  ia  made  just  large  enough  to  receive 
a  tumbler  with  ease,  and  reachiag  about 
two-thirds  of  its  height.  A  hallow  cylin- 
der of  the  same  material  ia  made  so  as  to 
fill  tlie  cavity  of  the  tumbler  lo  the  same 
height  as  the  case  reaches  on  the  outside, 
.  and  yet  so  loose  as  lo  be  removed  without 
difficulty.  The  tumbler  beiug  charged  in 
the  usual  way,  the  cylinder  may  in  the 
first  place  be  liAed  out  of  the  tumbler  by 
means  of  a  glass  rod,  and  the  tumbler  in 
the  next  place  grasped  at  the  brim  and 
lillod  oul  of  the  case  wilhoul  destroying  the 
charge.  This  is  rendered  evident  by  re- 
instating the  tumbler  in  its  case  and  the 
cylinder  in  (he  tumbler;  and  by  means  of 
the  discharger  making  a  conducting  com- 
munication between  the  case  and  the  ball 
of  the  wire  communicating  with  the  cylin> 
der.  An  electrical  spark  will  then  pass  with  the  usual  noise.  Or  if  the 
circuit  be  established  by  touching  the  knob  with  one  hand  and  the  case 
with  the  other,  a  shock  will  be  experienced. 

Of  Ekclrical  Batteries. 
A  series  of  coaled  jars  being  placed  side  by  side  in  a 
box,  and  all  the  inner  coatings  being  made  to  communi- 
cate with  each  other,  and  witli  a  ball  of  metal,  by  means 
of  metallic  rods;  and  all  the  outer  coatings  being  made 
to  commnnicate  with  each  other,  and  with  another  me- 
talUc  ball,  by  strips  of  tin  foil,  the  jars  thus  associated 
are  called  an  electrical  battery. 

Charging  and  discharging  an  electrical  battery,  how- 
erer  extensive,  is  just  as  simple,  and  is  performed  in  pre- 
cisely the  same  way,  as  in  the  case  of  a  single  jar.  To 
charge  a  single  jar,  or  a  battery,  the  different  coatings 
must  be  made  to  communicate,  severally,  with  the  dif- 
ferent conductors  of  ail  electrical  machine,  eithtM- directly, 
or  indirectly  through  the  floor  of  the  apartment  or  other 
conducting  medium.* 

To  effect  a  discharge,  either  one  or  several  conduc- 
tors must  be  made  to  form  a  circuit  from  one  coating  to 
the  other,  either  unbroken,  or  if  interrupted,  the  interval, 

ir  of  luppooing  that  >  comamnicRtion 


) 
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or  the  sum  of  the  intervals  must  not  exceed  a  certain 
distance,  called  the  striking  distance,  and  which  varies  | 
with  the  extent  and  intensity  of  the  electrical  machine- 
Charging  a  hattcry  will  take  more  or  less  time,  accord- 
ing to  the  number  of  jars  to  be  supplied,  and  the  quantity 
of  the  electric  fluid  generated  by  the  machine.  But  the 
discharge  appears  as  quick  from  a  great  number  as  from 
one,  notwithstanding  the  numerous  ramifications  through 
which  the  electricity  has  to  pass. 

9S.  Electrical  Batlery  of  Si  Juts,  each  13  irtcka  in  htight,  nnJ  5  inehrs  in  diameter. 
My  electricBl  buttery  ia  aituitod  permfiUBnlly  on  tha  eiternal  edge  of  the  canopy 
over  Uie  facarth  nf  joy  lecture  room,  in  the  vicinity  ormj  large  elcclrical  machina. 
Wilh  tha  poaitivB  canductor  of  this,  it  is  of  coiirae  eofily  made  to  cnmmunicalo 
by  ■  metallic  rod.  Prom  the  ouler  coating  s  vire  Is  extended  lo  one  of  the  iron 
columiu  of  lof  iDCturo  rDom,  along  ivhicb  it  aHerwiuds  deaceadB  lo  my  tabic,  sod, 
wbeo  the  battery  ia  Id  use,  lo  a  sheet  of  metal  on  which  the  battery  diacbargvi  ia 


23.  Description  of  Henley'a  Unheriai  Discharger. 

This  inatmmeDl  has  been  emplojed  to  fiu:i]ilato  the  eiposnie  of  bodies  Ic 
cbaige  ^om  a  Leyden  jar  or  baliory. 
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It  may  bs  undentood  tVom  inipection.  Two  rod>  are  mpporled  upon  glaM  pil- 
lara,  to  which  ttaey  are  aecurcd  by  universal  joints,  having  not  only  liberty  to  tnovs 
on  a  pivot  in  almoal  any  direction, but  also  to  be  slid  through  a  spring  socket,  so  aa 
to  lengthen  or  ahorten  the  portion  of  the  rod  between  the  socket  and  the  point. 
The  ends  of  the  wiroa  are  pointed,  but  the  pointa  are  fitted  to  brass  balls  which  piaj, 
be  screwed  on  or  off. 

Between  the  columns  ia  a  little  ataod,  wbich  may  be  altered  io  height  by  mesna 
of  a  set  HCrew,  Upon  tlija  ataud,  an  object  to  bo  made  the  medium  of  a  diacborM 
may  be  placed,  the  ends  of  the  wiiea  bemg  in  duo  contact  with  it.  To  one  of  t&S 
eye*  at  the  other  end  of  the  rods,  a  wire  or  chaina,  communicating  with  a  coalinf: 
of  the  battery,  may  be  affixed,  ily  meana  of  the  common  discharger  (lo)  acommo- 
.......  ...;_-  |j,g[,  qjqJo  between  ihe  other  rod  and  the  olber  coating  of  the  bat- 

through 


Uty,  the  circuit  ia  compkud,  ftnd  the  whole  cbaige  of  Ihe  battel;  p 
tlw  body  upon  the  stand. 
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Ib  some  cmm  where  ymu  is  leqiiiied,  the  sUnd  represented  et  E  is  emplored. 
Thus  soooe  gold  kef,  beuw  compressed  between  two  Tory  smell  penes  of  i^bss,  kept 
toftther  hr  the  screws  with  which  this  last  mentioned  stand  is  fnmished,  may  fie 
delafiilsa,  and  ineorporated  with  the  ghss. 


24.  Bsffsry 


^or  d^fMgmtimg  Wirts. 


This  apparatus  is  employed  by  me  in  lieu  of  Henley's  universal  discharger  above 
described,  being  better  adapted  to  my  apparatus  and  mode  of  operating.     Two  brass 
plates  are  secured  to  the  pedestal  by  a  screw  bolt,  N,  which  passes  urough  a  hole 
made  in  each,  near  one  extremity ;  the  plates  are  thus  allowed  a  circular  motion 
about  the  bolt  so  as  to  be  set  in  one  straight  line,  or  at  any  an^le  with  each  other. 
On  one  of  the  plates  near  the  extremity  not  secured  by  the  bolt,  a  brass  socket  is 
soldered,  into  which  a  glass  column  is  cemented,  surmounted  by  a  forceps.     At  the 
corresponding  end  of  the  other  plate  there  is  a  brass  rod,  R,  perpendicular  to  the 
plate  and  pa^lel  to  the  fflass  column.    This  rod  is  also  furnished  with  a  forceps. 
Between  tnis  forceps  and  that  at  F,  supported  and  insulated  by  the  glass  co- 
lumn, C,  a  wire  is  stretched,  which  may  be  of  various  lengths,  according  to  the 
Uffle  which  the  plates,  S,  S,  make  with  each  other.     The  pedestal  shoula  be  me- 
tallic, or  have  a  metallic  plate  at  bottom,  in  communication  with  the  external  coat- 
ing of  the  battery.     This  being  accomplished,  it  is  only  necessary  to  charge  the 
btttery,  without  subsequently  breaking  the  communication  between  the  inner  coat- 
iofs  of  the  jars  and  the  prime  conductor  by  which  the  charge  is  conveyed.     In 
that  case,  touching  the  conductor  is  equivalent  to  a  contact  wim  the  inner  coatings 
of  the  jars,  so  far  as  electrical  results  are  concerned.     Hence,  by  causing  one  of 
the  kndbs  of  the  discharger,  D,  with  glass  handles,  to  be  in  contact  with  the  insu- 
lated forceps,  F,  and  then  approximating  the  other  knob  to  the  prime  conductor,  B, 
the  charge  of  the  battery  will  pass  through  the  wire,  W;  as  it  cannot  descend  by 
the  gla«  cdmnn,  nor  reach  the  operator  Uirough  the  glass  handles. 
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Of  Electrical  Excitement  by  Induction. 
The  simplest  case  of  this  kind  is  that  of  the  Leyden 
phial,  or  coated  pane,  already  illuBtrated,  where  one  sur- 
face being  in  contact  with  an  excited  conductor,  a  ten- 
dency is  induced  in  the  electricity  on  the  other  side  of 
the  electric  to  leave  it.  This  probably  arises  from  that 
self-repel  lent  power  between  the  particles  of  the  electri- 
cal fluid  with  which  Franklin  supposed  them  to  be  en- 
dowed. 

25.  Apparatus  for  the  Illustration  of  Electrical  Induction. 


If  the  outer  and  inner  coatings  of  two  or  three  insu- 
lated jars  be  made  to  coramiinicate,  and  the  coatings  of 
each  extremity  of  the  series  be  brought  into  communica- 
tion with  the  conductors  of  a  machine  in  operation,  as 
usual  when  one  jar  is  to  be  charged,  it  will  be  found 
that  a  charge  is  received  by  all ;  and  in  discharging  them 
a  spark  may  be  perceived  to  pass  between  each  jar,  if  a. 
small  interval  be  left.  The  effect  of  the  discharge  is  less 
than  that  which  would  be  produced  by  means  of  one  jar. 
In  this  case  the  surfaces  are  said  to  be  charged  by  indtic- 
lion. 

The  number  of  jars  which  can  he  thus  affected  is 
greater  or  less,  according  to  the  intensity  of  the  electri- 
city evolved  by  the  machine,  and  the  aggregate  tliickoeaa 
of  glass  interposed. 

26.  A  new  Apparatus  for  the  HlvMraXion  of  EUclrieal  Liduetion. 

As  the  prevailiDg  theories  of  electricity  cannot  be  understood  without  s 
correct  idea  of  electrical  induction,  I  have  constructed,  for  the  purpose  of 
taodwing  it  more  intelligible,  the  apparatus  described  in  the  following  ai^ 
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cIp.  The  suriac(?s  opposilely  charged,  being  in  the  case  of  panes  exactly 
alike,  rcufJers  llieir  commuiable  relation  more  easy  to  understand;  and 
ihe  procras,  as  it  proceeds  ia  the«i,  having  a  greater  resemblance  to  that 
ascnbod  to  voltaic  series,  may  hereafler  be  more  ndvanlogooualy  cited  as 
a  meui  of  iUuslralion. 


A  Bcries  of  fire  panes  coaled  on  both  sides  with  lin  foil,  excepting  about 
two  inches  from  the  edges,  arc  situated  in  a  frame  at  ihc  distance  of  about 
Two  inches  apart.  A  metallic  communication  is  established  between  the 
inner  coating  of  ihe  first  pane  in  the  row,  and  (hat  of  ihe  second  pane  im- 
mediately opposite,  by  moans  of  a  spiral  spring  of  wire,  whicli,  by  its  pres- 
tun,  keeps  its  place,  and  produces  a  close  contact  with  the  tin  foil.  A 
"•r  spring  is  interposed  between  each  pair  of  coatings.  Also  the  ex- 
it coaling  of  the  first,  and  ihal  of  the  last  pane  in  the  series,  communi- 
e  Kverslly  by  wires  with  metallic  knobs.  A,  B,  supjiorlfid  upon  and  of 
1  by  glass  pillan.  That  is,  the  lirsl  pane  conununicaies 
_  b  (be  knob  at  A,  the  last  with  the  knob  at  B. 

This  apparatus,  like  a  Leyden  jar,  may  be  charged  in  either  of  three 

That  in  which  the-  positive  pole  alone  is  insidaled  from  the  earth  ; 

t  in  which  only  the  negative  polo  is  insulated ;  and  thai  in  which  both 

B  Insulated. 

PWhen  the  operation  is  performed  with  the  positive  pole  insulated,  the 

»le  communicating  with  the  earth,  the  surcharge  induced  in 

t  aurface  of  the  first  pane,  expels  from  the  inner  coated  suriace 

JBW  a  portion  of  electricity,  which  is  of  course  drivea  through 

I  iMo  the  nearest  coated  surface  of  the  pane  next  in  order.     The 

e  induced  thus  in  the  nearer  surface  of  the  second  pane,  causes 

T  surface  of  this  pane  to  give  up  electricity  to  the  nearer  surface  of 

J(  Uurd  pone;  so  that,  by  a  repetition  of  the  process,  every  pane  will  be 

(bvgcd,  If  Ihe  electricity  be  sufhcienlly  intense. 

If,  under  these  circumstances,  one  of  the  knobs  of  the  insulated  dis- 
fharger  be  made  to  touch  one  of  the  insulated  balls,  while  an  approxima- 
lion  of  the  other  knob  to  the  other  ball  is  efTecled ;  a  spark  will  pass, 
uuing  from  a  discharge  from  the  surface  of  the  first  pane  lo  that  of  the 
lut,  and  at  the  same  instant  the  equilibrium  in  all  the  surfaces  will  be  re- 
Mond. 
During  the  entrance  of  the  charge,  the  apparatus  only  receives  an  ac- 
r  £b  flaid  on  the  ezlemal  coated  suriace  of  the  first  pane,  and  k 
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a  portion  from  that  of  ihe  last  pane.  In  the  other  surfaces  the  qunnlity  is 
not  altered ;  since  whatever  one  loses  the  other  gains,  and  the  (jimntitiea 
in  the  surfaces  of  each  pane  are  ec|UQlized  with  the  restoration  ofthc  equi- 
librium of  the  two  external  coated  surfao-'S. 

When  the  operation  is  perforntcd  with  the  negative  pole  in  a  state  of  in- 
sulation, it  will  be  the  converse  of  that  above  described.  Electricity  being 
abstracted  from  the  external  surface  of  the  fillh  pane,  instead  of  being  ao- 
cumulaled  upon  that  of  the  first  pane,  the  internal  surface  of  the  lifih  pana 
becomes  positively  excited  at  the  expense  of  the  nearest  surface  of  iho  i 
fourth  pane,  which  of  course  becomes  negative  on  the  surface  thus  robbed, 
and  positive  on  the  other  side,  at  the  expense  of  the  coaled  surface  of  tha 
third  pane.  Thus  by  a  successive  inductive  influence,  transmitted  from 
pane  to  pane,  every  other  surface  is  negatively  charged,  causing  those 
which  alternate  with  them  lo  be  charged  in  the  opposite  way, 

When  Ihe  knobs,  A  and  B,  are  acted  upon  by  a  machine  with  both 
poles  insulated,  ihe  two  processes  above  described  co-operate  simulta- 
neously: since,  while  electricity  is  abslrac.led  trom  Ihe  external  surface 
in  direct  communication  with  B,  on  the  right,  it  is  accumulated  upon  the 
external  surface  communicating  with  A,  on  the  let) ;  so  thai,  by  the  induc- 
tive process,  each  pane  becomes  charged. 

MEANS  OF  DETECTING  AND  MEASURING  ELECTRICITY. 

It  has  been  seen  that  the  property  which  hght  bodies 
have  of  separating  from,  or  approaching  to  each  other 
when  electrified,  has  been  of  use  in  showing  the  nature 
and  extent  of  electrical  excitement. 

A  ball  of  pith,  supported  by  a  radius,  suspended  from  a 
pivot,  90  as  to  be  capable  of  describing  an  arc  of  ninety 
degrees,  over  a  corresponding  curved  scale,  constitutes 
Henley's  quadrant  electrometer,  employed  in  the  experi- 
mental illustrations  (II). 

Bennet's  electrometer  has  been  described,  in  which  me- 
tallic leaves  are  suspended,  within  a  glass  cylinder,  to  a. 
metallic  cap;  slips  of  tin  foil  being  pasted  on  the  glass, 
opposite  and  parallel  to  the  gold  leaves. 

This  last  mentioned  instrument  is  sometimes  more  pro- 
perly called  an  electroscope;  as  it  is  better  calculated  to 
discover  electricity  than  to  measure  it. 

The  efficacy  of  the  gold  leaf  electroscope  is  much  in- 
creased by  the  addition  of  two  metallic  disks,  one  sol- 
dered to  the  cap,  the  other  attached  to  the  fool  by  a 
hinge;  so  as  that  it  may  be  placed  parallel,  and  as  near 
to  the  first  mentioned  disk  as  it  can  be  without  touching. 
In  this  case,  the  capacity  for  electricity  of  the  disk  at- 
tached to  the  cap  is  found  to  be  increased  by  inductioni 
80  that  it  will  receive  a  surcharge.  When  the  disks  are 
separated,  the  excess  of  electricity  received  while  they-. 
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■ere  near  each  other  is  indicated  by  the  thvergence  of 
;  leaves. 

instrument  thus  constituted  is  called  the  con- 
lenaing  electrometer,  of  which  an  engraving  and  descrip- 
K>a  is  annexed. 

.  Description  of  the  Condeitmng  Electrometer^ 

The  condensing  electrometer,  of 
which  the  annexed  figure  is  a  re- 
presoatatioD,  diflers  from  the  ordi- 
nary instrument,  in  beiog  furnished 
with  two  metallic  disks,  one  attach- 
ed to  the  canopy,  C,  the  other  up- 
held by  ft  wire.     The  wire  termi- 
nates in  a  hinge  at  A,  by  which  the 
disk  which  it  supporla  may  be  made 
to  approach,  or  retire  from  the  other 
disk.     The  metallic  hinge  commu- 
nicates by  a  strip  of  tin  foil,  with 
other  strips  of  the  same  material, 
which  are  pasted  on  the  glass,  as 
already  described  in  the  case  of  the 
gold  leaf  electrometer  (10)> 
III  order  to  put  (his  instrument  into  operation,  the  disks  must  be  quite 
pSTallel,  and  as  near  each  other  as  possible  without  contact;  then,  on 
I  Joocbing  the  cap  with  on  electrified  mass,  containing  a  charge  of  clec- 
""icity  otherwise  too  low  to  atTecl  the  leaves,  and  aflerwards  removing  the 
"'    "  to  the  distance  of  two  or  three  inches,  the  leaves  diverge.     A  di- 
e  of  the  leaves  of  the  condensing  electrometer  maybe  produced  by 
porting  a  zinc  disk  of  about  six  inches  in  diameter,  in  the  liand  or 
0  have  a  communicalion,  directly  or  indirectly,  with  the 
tal  of  the  electrometer,  and  placing  on  il,  from  ten  to  twenty  limes,  a 
k  of  copper  of  the  same  size,  held  by  a  glass  handle,  and  al  each  re- 
rral  bringing  the  copper  disk  in  conlaci  with  the  cap  of  the  electrome- 
By  these  means  a  charge  \a  imparted  lo  the  cjip,  whicli,  when  the 
r  disk  is  removed,  is  evinced  by  the  divergency  of  the  leaves.     For 
r  knowledge  of  the  last  mentioned  method  of  producing  electricity,  by 
intact  of  heterogeneous  metals,  we  are  indebted,  1  believe,  to  the  cele- 
d  Volta. 

[  I  have  constructed  an  electroscope  with  a  single  leaf,  to  which  a  brass 
'tA\  may  be  approximated  hy  a  micrometer  screw.     This  is  more  sensi- 
'  e  than  any  electrometer  which  I  have  seen  on  the  usual  plan.     When 
mished  with  a  cap  of  zinc,  if  a  plate  of  copper  be  placed  on  the  cap,  and 
»  Ufted,  the  leaf  will  strike  the  ball.     This  instrument  acts  both  as  an 
iCtroGcope  and  as  an  electrometer,  as  it  detects  and  measures  the  mi- 
ll degree  of  ei 


&  nngle  goM  leif  ia  suipendcd  from  i  disk  o(  zinc  six  iiicliea  in  diameter,  which 
cooititutes  tbe  cap  of  Ibe  ioBlninieat.  Oppoiite  to  thii  single  loaf  a.  ball  ii  lop- 
poiWd,  whidh  may  be  made  to  appiooch  the  leaf,  or  recede  from  it,  by  meaiii  of  ■ 
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or  the  same  eite  at 
lbs  cup  there  is  a  copper  disk 
u:c^nmpa^ying  the  instrument.' 

-'--■.ricily  produced  by  the  contact  rtt  cop- 
c  ia  rendered  sensible  in  the  follDwioa 
'Isce  the  disk  of  copper  on  the  disk  of' 
line,   wbicti  rormn  the    cup  of  Iho    eleclrometar. 
Tike  [he  tniciometer  screw  ID  one  hnnd,  touch  llM' 
copper  disk  with  the  other,  Doii  then  litt  this  diA 
from  Ihe  line.    Usually,  as  soon  u  the  mparatioB 
is  emiclet],  the  ^Id  leaf  will  strike  the  ball,  iftha  - 
one  be  not  moio  thnn  the  twentieth  of  an  inok 
Bfiirt  from  the  other.     Ten  contacts  of  the  Mtna 
disks  of  copper  and  line  will  be  found  neceiaarf 
'  ice   s  sensible   divergeocy  in    the   leaT«« 
:DndenBing  electrometer.    That  the  phe- 
1   arises    from    the  diaaimiliritv   of  the 
s  easily  shown  by  repeating  the  cipeii- 
.   th  a  zinc  disk  in  lieu  of  a  disk  of  cop- 
per.   The  BOparation  of  the  homogeneous  disk* 
will  not  bo  fouiid  to  produce  any  contact  between 
the  leaf  and  ball. 

I  believe  this  to  be  the  only  mode  in  which  the  olcctrica]  excitement,  produced 
by  the  contact  of  helurogeneous  motals,  can  be  made  evident  witliout  the  aid  of  a 
Gondeneer. 

II  is  probable  that  the  senslbitity  of  this  instrument  ia  dependent  on  that  property 
of  elecliicity  which  causes  any  surchar^  of  il,  which  nuy  be  created  in  b  conduct- 
ing surface,  to  seek  an  exit  at  the  most  prujectiiiK  termination,  or  point,  connecUd 
With  the  surface.  This  disposition  is  no  doubt  rendered  greater  by  the  proiimitjr 
of  the  ball,  which  increases  the  capacity  of  Ihe  gold  leaf  to  receive  the  surcharga, 
in  the  same  manner  as  the  nmnsulaled  disk  of  a  condenser,  27,  influences  the  elec- 
trioaJ  capacity  of  the  insulated  disk  in  its  neighbourhood. 

It  must  not  be  eipeotcd  that  the  phenomenon  above  described  can  be  produced 
in  weather  unfavourable  to  electricity.  Under  favourahlo  circumstances,  I  hav* 
produced  it  by  means  of  a  smaller  eleclroineter,  of  which  tlie  disks  are  only  two 
and  a  half  inches  in  diametor.t 

The  conslructioii,  as  respecls  the  leaf  and  ball,  regulated  by  the  micrometat 
■crew,  remaining  the  same,  the  cap  of  a  condensing  electrometer  and  its  diski 
may  be  substituted  for  the  line  disk. 

2!).  Description  ef  lUnlty'i  quadrant  EUctroaiaer. 
Henley's  eiectrometc 


L 


islsts  of  a  little  woode& 
ipporling  n  semicircle  of  ivory,  or  of  wood 

ilh  white  paper,  graduated  near  the  peri> 


,-,.,  - ,.  — .    -   .-       .  .»of  thi       .._ 

circle  there  is  a  pm,  from  which  a  nioTeable  radius 
teiuiinaled  by  a  pith  ball  is  suspended.  This  rsdiua 
is  sufficiently  long  to  allow  the  ball  lo  reach  to  th« 
base  of  the  column,  against  which,  when  left  lo  ilseU; 
it  rests.  But  when  llie  ball  and  column  are  electrified, 
the  ball  moves  off  from  Ihe  column,  together  with  tha 
radius  lo  which  it  is  ailixed.  But  the  radius  being  so-  . 
cured  to  the  pivot  al  its  upper  end,  the  ball  must  de- 
scribe a  greater  or  less  portion  of  a  circle,  which  is  at 
the  some  time  indicated  and  measured  by  the  graduh- 


*  For  the  experiment  with  this  clectrometeT,  a  ni 
Its  being  of  glass,  enabled  me  to  cumiiarc  the  indico 
■trament,  wiui  that  obloined  bv  a  coiidonser. 

I  1  think  I  have  seen  an  effect  trota  a,  disk  only  u 
noe  disk  having  a  handle  with  s  copper  locket. 


inch  in  diameter,  ot  from  a 


J 
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30.  Description  of  Coulomh^a  Electrometer. 

e  clectromeler  of  Coulomb  is  suitable  ralhcr  Tor  iha  invest igaUon 
n  lor  the  illuatrntion  of  electrical  phcoomcDa.  Yet  as  it  may  be  pro- 
n  convey  an  idea  of  the  principle  of  this  iostrutneDl,  I  shall  quote 
d>e  Treatise  on  Heat  and  Electricity  of  the  dislinguishej  Dr.  Thom- 
i'  Glasgow,  a  description,  accompanied  by  an  engraving  of  the  elec- 
question  in  the  most  simple  form.  Alluding  to  the  gold  leaf 
•,  (10)  or  that  in  which  straws  are  used  in  place  of  gold  leaves, 
r.  Thomson  observes : — 

mnion  oleclrametBra  Hhich  I  think  it  needlen  to 
be  conaidored  as  a  true  measurer  of  the  qunnlity  of 
ibclhcitT;  because  as  the  two  sLrawe  or  the  two  slips  of  gold  leaf  SBparate  farther 
vA  futber  (torn  each  other,  it  ia  evident  [hat  graTitnlion  will  act  mora  and  more 

Crcrfallf  la  bring  ihem  back  ajriiin  to  their  nuturallj  vortical  position.  Hence 
repnlnTc  force  of  the  ilruwe,  or  leaf,  is  not  proportional  to  the  distance  to  which 
Aij  tep«rate  from  each  other.  These  JnatrumeiilB  cannot  of  course  be  emplof  ed 
(nmeistire  the  cnergf  of  electricity, 

"  But  the  eieclrometer  of  Coulomb  ia  free  from  this  defect.    It 
epresented  in  the  margin.    It  coiitusts  of  a  gloss  vessel  havins 


..BO  of  glatM,  in  the  centre  of  which  a  small  bole  ia  drilled! 
Throngfa  this  hole  piiuea  an  untwiited  raw  ailk  thread  four  inohea 
long,  and  Ried  at  the  top  to  a  micrometer,  by  means  of  which  it 
may  be  turned  round  any  number  of  degrees  at  ploasuro,     To  the 
■ilk  thread  is  attached  a  very  line  gum  Inc  thread,  M,  having  at 
a.  each  eitromity  a   sniall   knob.     Tlua   lac  needle  with    its   knoba 
"  weighs  only  one-fourth  of  a  gmio.     A  small  hole  is  drilled  in  the 
■         1     side  of  the  vessel,  at  A,  through  which  passes  a  fine  wire  termi- 
^^^^     nalcd  at  both  eilromjtlcs  by  a  knob.    When  an  excited  body  ii 

placed  in  conlacl  with  llie  knob  at  A,  the  knob  at  the  other  bi- 

trimily  wil)  acquire  the  aiune  electricity  oe  (he  excited  body.  This  electricity  it 
trill  eommunicBle  to  the  knob  of  tlie  lac  needle  suspended  by  the  silk  thread  which 
WM  pteriously  almost  in  contact,  and  the  two  knobs  will  repel  ouch  other.  The 
BoreaUe  knob  itlacbud  by  the  silk  thread  will  separate  from  the  other,  and  the 
qtsatity  oT  eleclricily  wilt  be  propor^onal  to  the  distance  to  which  it  is  driven  off. 


^     t  ahould  bo  nnderslood  that   in  this  instrument,  the  knob  of  the  suspended 

I  fwdle  n»y  be  made  to  resist  sufficiently  its  removal  from  that  supported  by  the 

~-^),  bj  twisting  the  silken  fibre.     Coulomb  contrived  a  more  perfect  and  compli- 

id  electrometar,  upon  the  siino  principle  aa  the  one  which  I  hnvc  deacribed,  but 

uahed  with  graduated  circles  for  measuring  the  distance  between  the  balls,  and 

eitenl  of  the  torsion  given  to  the  suspending  iilament.* 

Bt  meani  of  this  apparatus,  Coulomb  confirmed  an  obaerrntian  previously  made 

fa  Uie  Eail  of  Stanhope,  that  tho  density  of  electricity  in  the  electrical  stmoiphere, 

j:_  _  j^  excited  body,  diminiahea  inversely  as  the  square  of  the  distance 

_.  ...arged  body.    Coalomb  inferred,  from  the  law  tlius  assumed  to  exist, 

i  from  ingenioua  and  accurate  experiments  tending  to  cDrroboratc  his  inference, 
1  tbe  oleotricity  accumulated  about  a  conducting  bodj  is  entirely  superficial, 
w  of  it  exialing  in  the  interior  of  the  body.  He  also,  as  Dr.  Thomaon  conceives, 
foved  by  very  simple  but  convincing  eiperimenis,  that  electricity  deposites  ilsBlf 

._  L_j; j-__._  .u_- r_ jiiBl  it  has  no  more  attraclion  for  one  body 

ios,  having  the  same  surface,  be  placed  in 

may  be,  any  electrical  surcharge  in  either  will  bo 

Allowance  is  to  be  made  for  tJie  obslracUon  aria- 


dies  according  to  their  surfaci 

n  fot  anotbar:  also,  that  if  two  L 

t,  whatever  their  n 


•  The  dcKription  of  this  last  mentioned  instrument,  with  enoravii 
Ibree  pages  in  the  Treatise  of  Ur.  Thomson,  alluded  to  above,  which  i 
tku  J  deBm  it  expedient  to  devote  to  the  same  purpose. 
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EFrECTS  OF  ELECTRICITY.  

The  separation  or  approximation  of  electrified  bodim, 
the  extrication  of  light  and  heat,  and  the  shock  given  to 
the  animal  frame,  having  been  all,  more  or  leas,  subjects 
of  discussion,  or  adduced  as  the  means  of  experiment^ 
illustration,  it  may  now  be  proper  to  display  a  greater 
variety  of  electrical  phenomena,  and  sucli  as  being  more 
complicated  require  undivided  attention  on  the  part  of 
those  who  would  compreliend  them. 

Of  Electrical  Altraclion^Of  Electrical  Light.— Of  Elec- 
trical li^nition. — Of  the  Electrical  Shock. — Of  Mitigating , 
the  Effects  of  Elect ridty. 

Of  Electrical  Attraction. 
Under  this  head  are  placed  both  the  separation  and 
approximation  of  light  bodies,  when  electrified;  since  the 
former,  though  commonly  ascribed  to  repulsion,  is  really, 
as  I  conceive,  the  efl'ect  of  attraction. 

31.  Revolution  of  a  Sun,  Planet,  and  Satellite. 

A  hollow  brass  globe.  Fig.  1,  is 
rendered  mticli  heavier  on  one  side 
by  running  in lo  it  a  quantity  of  mol- 
ten lend,  HufRcieot  to  occupy  about 
one-third  oC  the  cavity.  By  these 
means,  when  supported  on  a  pivot, 
it  preserves  a  proper  posilion,  al- 
thougli  OP  the  olher  side  nol  fur- 
nished with  lead,  it  is  made  to  sup- 
port an  arm  and  two  balls;  one 
larger,  representing  a  planet,  the 
other  Bmallcr,  representing  its  satel- 
lite. These  are  carried  upon  the 
ditlerent  ends  of  a  wire  passing 
through  their  axis,  and  balonc^ 
upon  the  point  of  the  arm,  so  that 
the  balls  may  counterpobw  each 
other-  Prom  the  larger  arm,  and 
from  iho  smaller  ball,  points  P,  P, 
project,  as  represented  in  Fig.  2. 
Fig.  2. 


Fig.  1. 


o 


When  the  sliding  rod  of  the  conductor  R,  in  brought  auJTiciently  near  t9  J 
the  central  globe  of  this  apparatus,  the  machine  being  in  operation,  then 
ensues  a  complicated  revolution.     The  planet  and  its  satellite,  attached  CI 
the  arm  B,  are  balanced  upon  a  pivot,  formed  of  the  recurved  and  poiola 
tennination  of  the  larger  arm  A;  meanwhile  the  pivot  revolving  as  thai 
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m  B  tana  npo  its  iiHi,'«iariei  the  |ilBBet  md  aateffitointbeir.nlxt, 
'^^'^  ifapy  revolve  aboditboj^Tot  aa  (bar  oomiaon  centra  of  gntti^. 

-  ' -ng  lo  ihe  FiaakliDMD  theory,  tbe  abom  deacrifaed  Matoiy  mo- 
..  rram  the  attrtclkia  of  tbe  aunouDdiDs  mediiim,  apAadng  suc- 
[j.  at  eveiy  part  of  the  arUt,  to  aqiarata  tbe  dectrified  ait  fioia  the 
8  points  by  whicb  it  n  electrified. 
?ft  mu>l  be  admitted  ttat  aa  tbese  rotatory  motiaa^  may  be  produced 
Iktbn  iho  exciiomcnt  be  aegatiTe  or  positive,  tbe  qtionale  ia  mora  diffi> 
adtofoooccptioniipoDthB-llieiHyt^oQa  fluid  tban  upon  that  of' two*  A 
BMeaaaij,  agwedily  to  the  Ftanklinian  doctrine,  to  aacoribe  all  eaaea  in 
vUcb  aleelnfied  m— ee  aqwnte  fjom  each  odter,  J»  attnutiin  tahrecD 
lMi.riJl  tfaa  matter  of  the  adjginiiiginedtuiD.  Tlda  piboeaa  becemea  ez- 
t$mif1liadtto  Sctkm  Id  the  ''inmA^t  eye,"  when  the  maaaet'thua  aepa- 
^ .  .  ^  *  "ft  mjnd  change  of  poalion. 
'      '  -   flui^  to  exist, 


aupposinff  two 


o  exist,  ia  nmply  that  bodiea  n- 


iB/Uf'tiilii  tepd  each  otBer;  and  consequently  that  repalaicui  arises 
liMM  tfja  MJiA  and  tba  aii  which  they  electriQr,  whether  the  eieito* 


nxii-i  «tder»,  ri*i^  J^ 

triqiN,"  a  MB*  wUk  I  fin* 
■Nd  br  watt  cfa  bMlOT. 

It  MMfab  at  wnm  ' 
biancibM  Ibnnad  of  « 
wt  u  uKKHted  bj  I 
boltowbraucono,  into  the  apex  of 
which  a  lecurved  wire,  fonmng  a 
principal  branch  of  the  elsclrical 
IrsB,  ii  10  introdiicad  at  to  fonn  ■ 
auppoit  and  a  pirot,  upon  which 
the  cone  and  its  bnnchea  maj  ro- 
tate. Eacb  rotatorj  bnncb  im  rv- 
cuiTcd,  and  terminatasin  apoint; 
tbg  paint*  In  aach  aat  projecting 
in  the  aama  diraotiou,  lo  u  to  co- 
Dpenl«  in  producing  a  cirenlai 
motion. 

The  bnnohai  are  pot  into  ope- 
ration bj  oommanieating  with  the 
machine,  a*  niual,  by  the  rod  R. 
The  eicitement  thni  received  cui- 


right  bran  rod  above,  end  the  pe- 
destal P,  below.  It  eaa  faatdljbe 
,  that  the  rationale  of  the  rapid  rotation  of  euh  aet  of  the  bnnchea 
_j  to  that  of  tbe  pnceding  eiperimont  In  coueonance  of  their  beine 
•Bliirir  nrcbarged  with  electricitj,  or  nmiliirl;  deficient,  tbe  adjoining  neutral 
Mfao  attract!  flie  air  and  the  bianchei  apart  with  enerfr;,  and  thua  canaea  them 
Mneed*  from  eMfa  other  a*  toon  ■■  they  coroe  into  proximity. 
%  nndw  tbe  Franklinian  rationale  more  intelhgible,  ai  a- 
■wl,  a«d  that  of  the  miniature  ■tin,eaiU],a]  ' 
■Tnitimaal  of  the  machine  being  communici 

Inl  ban,  and  of  couiM  to  all  of  the  metallic  hue.  u.ii.o«.u.  ».— — 

A«d  thiMfh  tbe  pointe  to  the  air  in  their  vicmity,  Consequenlly  Ihe  pomU  P,  P, 
(■(  9;jnewlin(  pafe.)  and  the  air  eleclrifiod  by  them,  beiag  iLmiUrly  eurchawed, 
m  Miinriv  deficunt,  mail  be  attracted  by  the  adjoinmg  neutral  medinm;  and  not 
milliliM  (Mb  otlMr,  thaj  are  made  to  aeparate  rapidly,  or  to  move  in  oppoaita  di- 
MCtkM.  Tim  iMiwu—t-ing  nitentad  with  inmncMvable  ipeed,  the  levolutiona 
Pmn4  Witt  prapgrtkaJnliMi^ 


, .o  tbia  eiperi- 

.  it  may  be  obaerved,  that  tbe 
calad  by  the  iliding  rod  R,  to  the  cen- 
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33.  ElKtrical  Hial. 


This  eiperimeiil,  which  is  in  Pii..  _ 
CatoloffaD  deKribed  aa  "  Gt^Ib  EIm- 
triqiie,"  (elcclrical  hajl]  aAbrds  ano- 
tbor  itluBtrntion  of  tho  movDmentt 
which  may  be  produced  in  light  ba« 
diee  by  efectrinl  attraction.  A  nw- 
talUc  rod  BupjKiTt*  one  b«U  within  Iha 
bell  gluB,  another  without,  ■□  as  lo  ba 
in  cnntatt  with  the  knob  of  another 
rod  R,  proceoding  from  the  oonductor 
of  tha  lajgo  elactrioo]  macliine  in  ope- 
ration, Tiie  braiB  bill  bains  by  then 
means  intensely  eleclrifioiT  attracta 
some  of  the  pith  ball*  which  lie  upon 
the  metallic  dish  in  which  the  bell  i* 
■itimted,  and  which  ahoutd  communi- 
cute  with  the  cuehions  of  the  machine. 


1  bsUa 


conWct  with  the  etectriSod  ball,  be- 
coming Bimilu-ly  eicited,  agreeably  to 
the  general  law,  they  recede  from  each 
other,  and  are  attracted  by  the  oppo- 
Hitely  electrified  dish.  Reachiiig  the 
dish  they  attain  the  aame  electrical 
atote  as  at  liret,  and  of  course  are  lia- 
ble to  be  attracted  again.  Meanwhile 
other  bulla  are  undergoing  the  same 
routine,  producing  that  conttarialy  of 
movomenls  which  cbaroctsriiei  the 
fall  of  hail. 


Of  Electrical  Light. 
34.  Experinuintal  Ulttatratitm  of  tkc  egress  and  aceeta  of  the  BSeetrie 
Fluid  during  the  charging  attd  discharging  of  coated  surfaces,  as  ren- 
dered enident  by  meant  of  a  disconlinuous  coating  of  Metallic  Fititigi, 

The  charging  and  dk. 
charging  of  a  coated 
pane  has  already  been 
illustrated  and  e:tplainGd. 
Tho  process  is  however 
rendered  much  more  jn- 
leresting,  when,  instead 
of  a  continuous  coating 
of  foil,  a  ooveriDg  of  me- 
tallic filings  13  applied, 
so  as  to  leave  a  multi- 
tude of  minute  intervals 
between  the  particles  of 
the  metal.  It  is  only 
necessary  to  have  the 
disconlinuily  of  covering 
on  one  of  the  Eurfaces,  the  other  may  be  coated  with  tin  foil  as  usual. 

The  tin  foil  coating  should,  by  means  of  a  strip  of  the  same  substance, 
communicate  with  (be  ring  attachsd  to  the  wooden  frame  in  which  the 
pane  is  securedi  Let  the  pane,  thus  prepared,  be  sus[iended  by  the  ring, 
as  represented  in  the  engraving,  from  a  rod  atfixed  to  the  conductor  of  a 
powerful  electrical  machine  in  operation.  As  repTesented  in  the  figure, 
let  a  discharger  be  so  held,  in  contact  with  the  surface  coated  with  filmgs, 
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■  lo  carry  off  electricity  from  i(,  allowing  the  other  surface  of  ilie  pune  !o 
be  proportioDably  surcharged.  In  the  next  place,  lei  the  iliscbarger  be  so 
situated,  as  to  complete  the  circuit  between  the  surfaces,  ullowing  the  sur- 
chaj^  in  the  one  to  rush  lo  the  other.  By  these  incaos  the  effiux  and 
affitut  of  the  electric  matter  will  be  indicated  by  coruscations  of  electric 
light  «itb  an  indescribable  splendour,  which  wUl  appear  so  loug  as  the 
(ur&s  coated  with  tin  foil  remains  in  commuuication  with  a  machine  si 


of  the  disci  I  a 


G  alternated  as  above 


rflprcBCnted  by  Ihe  adjoinins 
figure,    irtiicli    has    a  liDok 


itill  n 


Willi  t. 


!U]8oral&rgei:iLrt)Oy,iiirver- 
cd  with  tn  BpprDprittle  am&i- 
p-ain  within,  and  on  Ihe  nut- 
side  futniibed  with  a  diicon- 
linuoui  coaling  of  filings. 

If  the  diecharger  employod 
-  ■'=-  eiperiment  have  a 
indle,  either  tho  me- 
tallic socket,  S,  into  which 
tho  hnndle  is  comenled,  must 
be  touched  by  one  of  tho  fin- 

liched  to  it,  making  a  com- 

municatiun  with  the  negative 

conduclflr,    direct! j    or   indi- 

ng  being  inauliteti,  electricity  could  not  es- 

^ould  not  be  charged  u  ahrendy  de- 

3li.  Eiperimetiial  IllaslTiUum. 

The  adjoining  cut  represents  a  green 
ass  carlioy  of  about  five  cations  in  cn- 
pncily,  coated  internBliy  hy  means  of 
(ho  amalgam  usually  employed  for  the 
pufpOBe ;  eilernally  by  brass  filings,  as 
in  tJie  casesaf  the  pnno  and  phial  above 
described.  It  is  Hitualed  under  the  pro- 
jecting ball  of  Uie  prime  conductor, 
Ml  that  the  knob  at  the  top  of  the  rod, 

ternal  coating,  may  be  in  contact  with 
the  sUding  rod,  R,  of  lliat  conductor. 
The  wire,  >V,  is  Bupporlcd  on  a  pedostal 
in  contact  with  the  external  coating  of 
Hie  carboy,  and  in  commnnication  with 
Ihe  negative  conductor  of  the  machine. 
Ilciicn,  when  by  llio  operation  of  the 
cleclrical  machine,  the  internal  surface 
■>r  Ihe  glass  is  becoming  charged,  Ihe 
Ofcape  of  the  electricity  from  the  ei- 
Icrnal  surface  is  indicalad  by  corusca- 
tions of  light,  and  snapping  eounde,  aa 
in  Ihe  preceding  Bipcriments;  and  at 
Ihe  instant  when  the  charge  aequires 
sullicient  inlonsity  lo  jump  throngh  the 
interval  between  the  krtoli  attached  lo 
tlie  tall,  and  that  supported  by  the 
wire,  at  K,  Ihe  deficit  created  inthcoi 
icrnal  surface  being  restored  at  once, 
tliD  coruscations  and  spKlkUng  ate  ^t- 
licularly  •plondid. 
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37.  Long  Zigzag  or  Erratic  Spark,  cooirasted  with  the  Bhort  Straight 

Spark* 

The  object  of  this  engraving  is  to  re- 
present the  dificrent  forms  and  lengths  of 
the  electric  spark,  which  take  place  be- 
tween a  large  and  a  small  ball,  accord- 
ingly as  they  are  made  negative  or  posi- 
tive. The  long  and  zigzag,  or  erratic 
spark  A,  takes  place  between  a  soiall  ball 
attached  to  the  positive  pole,  and  a  large 
one  associated  with  the  negative  pole* 
The  short  straight  spark  B,  is  elicited  un- 
der circumstances  the  reverse  of  those 
just  mentioned.  They  are  represented  as 
simultaneous,  but,  with  the  same  machine, 
can  of  course  only  be  obtained  in  suc- 
cession. 

In  no  respect  do  the  phenomena  of  me- 
chanical electricity  appear  more  fiiTour- 
able  to  the  Franklinian  theory,  and  more 
inexplicable  according  to  the  doctrine  of 
two  fluids,  than  in  the  diversity  of  the 
electrical  spark  in  passing  between  a  small 
and  a  large  metallic  ball,  according  to  the 
manner  in  which  the  balls  are  associated 
with  the  positive  or  negative  poles  of  the 
machine.  When  the  small  ball  ivattached 
to  the  positive  pole,  the  spavk  is  long, 
comparatively  narrow,  and  of  a  zigzag 
shape,  such  as  lightning  is  oflen  seen  to 
assume;  but  when  the  situation  of  the 
balls  is  reversed,  the  spark  is  straight  and 
thick,  not  one-third  as  long,  and  nothing 
of  a  zigzag  shape  can  be  observed  in  it* 
According  to  the  Franklinian  theory,  when  any  body  is  more  highly 
charged  with  electricity  than  the  adjoining  bodies,  the  excess  of  the  fluid 
is  attracted  by  them,  while  it  is  inadequately  repelled  by  the  inferior  quan- 
tity of  the  electric  fluid,  with  which  they  are  imbued.  It  follows  that  when 
a  small  globe  is  made  positive  in  the  neighbourhood  of  a  large  one,  the 
excess  of  electric  matter  in  the  former  is  attracted  by  all  the  n^atively 
excited  metal  in  the  latter.  When  the  small  globe  is  made  negative,  the 
metal  of  which  it  consists  attracts  all  the  electric  matter  in  the  large  globe. 
Hence  there  is  this  difference  in  the  two  cases;  the  small  globe  being  posi- 
tive, a  comparatively  small  moveable  mass  of  electric  matter  is  attracted 
by  a  large  immoveable  mass  of  metal :  the  small  globe  being  made  Dega^ 
tive,  a  large  moveable  mass  of  electric  matter  is  attracted  by  a  small  im- 
moveable mass  of  metal.  The  charge  being  in  both  cases  the  e^ct  of  tbe 
same  machine,  the  attractive  power  must  be  as  great  in  one  case  as  in  the 
other.  The  forces  by  which  the  masses  are  actuated  being  therefore  equal, 
it  is  quite  reasonable  that  the  greatest  projectile  power  should  be  attained, 
when  the  small  mass  is  moveable.  In  that  case,  it  will  require  less  air  to 
be  removed  in  order  to  effect  a  passage. 

There  is  an  analogy  between  the  difference  which  I  suppose  to  exist 
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e  uoder  consideration,  and  Ilial  which  ii\ay  be  obeerved  belweeu 
aling  power  of  a  rod  which  is  bUml,  aod  one  which  is  poinied. 
□  be  shoirn  why  a  large  mass  ol'eleclric  matter  will  be  dis- 
lA&rgcd  in  a  spnrk  when  there  is  sufficient  proximity;  although  that  elec- 
Stric  matter  he  situated  in  the  large  globe,  and  attracted  by  the  other,  under 
Hgiicutnslances  in  which,  as  above  slated,  it  would  not  pass  wiihout  that 
proximity. 

E  It  must  be  evident  that  attraction  increases  as  the  distance  between  the 
Hbdks  which  exercise  it  lessens.  Of  course  the  altraclion  of  the  small 
Bobe  roust  always  act  more  powerfully  on  those  portions  of  the  electric 
nod,  which  occupy  the  nearest  parts  of  the  positively  excited  globe.  But 
HpiB  diflerence  of  distance,  and  consequent  diversity  of  attraction,  increases 
pfa  flie  globes  are  approximated.  Thus  that  portion  of  the  eleclric  fluid 
Ipuch  sustains  this  preeminent  attraction,  will  be  accumulated  into  a 
BtDoidi  the  acnteness  of  which,  and  attraction  causing  the  acuteness,  in- 
leasing  with  the  proximity,  (here  will  at  lasl  be  sufficient  projectile  and 
r^trative  power  to  break  through  the  air,  and  thus  open  a  passage  for 
whole  of  the  quantity  attracted  by  the  small  negatively  excited  globe. 
L  When,  by  the  process  last  described,  ihe  fluid  is  made  to  leap  through 
M  comparatively  small  interval,  by  the  concentrated  altraclion  exercised  by 
Jn  atnall  negative  hall  upon  the  expanded  surface  of  electric  matter  dilfuscd 
Rmrough  ft  large  globe ;  the  air  does  not  become  sufGcienlly  condensed  to 
rndst  it  before  it  reaches  its  destination,  and,  of  course^  it  cannot  assume 
Hk  erratic  form  which  would  arise  from  repealed  changes  in  its  course,  as 
Ut  ihe  instance  of  the  long  spark. 

^^^^^  38.  Electrical  Brush. 

^^^^B^  When  the  machine  is  in  active  operation,  atid  the  prime 

^^^^|H  conductor  insulated,  the  electricity  will  be  sent  otT  from 

^^pBHc  a  small  knob  attached  to  it,  as  at  B  in'the  figure,  so  as  by 
^^^T^^  the  concomitant  lighl  to  exhibit  ihe  form  of  a  luminous 
I  ^^^^A^  brush,  as  represented  in  this  figure  at  B.  For  the  produc- 
K  J^^l^^^  lio"  of  'his  phenomenon,  it  is  necessary  that  the  electric 
k         ff  fluid  shall  be  condensed  into  a  small  prominent  mass,  so 

HR        CB  as,  agreeably  to  the  preceding  explanation,  to  have  great 

■  .iH3  p^ietcBiing  power.  This  it  cannot  possess,  when,  with 
P  gam^^  Uie  same  intensity  in  the  generating  power,  a  Int^  ball  is 
il  /Zflnfffts^  positively  electrified.  In  thai  case,  the  electric  column 
nfim\i^  presents  a  front  too  broad  to  procure  a  passage  through 
^  ''  the  surrounding  non-conducting  air.     A  small  ball,  nega- 

■Hrely  dectrified,  can  only  be  productive  of  a  diffuse  attraction  for  theelec- 
Bricity  in  the  atmospheric  medium  around  it;  so  that  it  has  less  ability  to 
H|«aiB  any  penetrating  power,  tlian  when  acting  upon  the  electricity  in  a 
^tanparatively  large  globular  conductor,  as  in  the  preceding  illustratioD. 
Ipenae,  when  the  knob  is  on  the  negative  pole,  it  may  be  produrtive  of  a 
D^moons  appearance  in  its  immediale  vicinity,  where  the  electric  matter, 
■tenvergtng  from  the  adjoining  space,  becomes  sufficiently  intense  to  be 
IbiKiuctive  of  light;  but  it  does  not  produce  the  striking  appearance  of  the 
Uminous  bnish. 

As,  agreeably  to  Du  Fay's  theory,  ihe  knob,  whether  vilreoiisly  or  resj. 
noosly  electrified,  is  surcharged  with  an  electric  fluid,  the  projectile  power 
ought  to  be  as  great  in  the  one  case  as  in  the  other;  and  the  long  !q>ark 
mk)  the  brush  should  be  producible  in  either  case. 
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On  aome  Infertncea  from  the  Phenametut  of  the  Ekclr'ic  Spark,  conUumd 
in  a  recent  Work  on  Heal  and  EUctridty. 

In  his  valuable  work  on  lieat  and  electricily,  Or.  Tliomson  stales  thai  if 
a  long  spark  be  taken  between  Iwo  knobs,  aa  wlien  severally  attached  to 
the  positive  and  negative  conductors  of  the  electrical  machine;  the  portMO 
of  the  spark  near  the  positive  knob  exhibits  all  the  characters  of  positin 
electricity,  while  the  remaining  portion  proceeding  from  tlie  other  knob 
displays  all  the  characters  of  negative  electricily.  Although  the  learned 
Blld  ingenious  author  does  not  stale  what  differences  there  are  between 
tbe  diftercnl  portions  of  the  spark,  and  wherefore,  if  any  exist;  he  caa, 
without  a  petitio  principii,  assume  that  ihey  are  such  as  to  justify  his  ctm- 
clasioD.  He  proceeds  to  allege  that  there  can  be  no  doubt  that  every 
spark  consists  of  two  elect rici lies;  which,  issuing  severally  from  their 
respective  knobs,  tertninale  their  career  by  uniting  at  the  non-1  uminoiw 
portion  of  the  epark,  which  is  ul  a  distance  from  the  negative  knob  of 
about  one-third  of  the  interval.  Upon  these  grounds  he  infers  that  the 
positive  electricity  occupies  two-thirds  of  the  length  of  the  spark,  the  nega- 
tive one-third. 

I  presume,  agreeably  to  the  theory  which  supposes  the  existence  of  two 
fluids,  that,  when  the  equilibrium  between  oppositely  excited  surfaces  it 
restored  by  a  disclinrge,  whether  in  the  form  of  a  spark  or  otherwise,  ^ 
there  must  be  two  jots  or  currents  passing  each  other ;  the  one  conveyiw 
as  much  of  the  resinous  as  the  other  does  of  the  vitreous  electricity.  &  < 
course  no  part  of  a  spark  can  be  more  negative  than  it  is  posiiive,  nor  mort  , 
positive  [lian  it  is  negative.  Upon  this  ground,  a  suggestion  of  the  mma 
author  that  the  diminution  of  light  near  the  middle  of  the  spark  reauUa 
from  the  combination  of  tlie  different  fluids  at  this  point,  appears  to  rae 
injudicious ;  since  there  is  as  little  ground  for  supposing  the  union  of  tbe 
fluids  to  take  place  Ihirre  as  elsewhere.  But  admitting  that  the  unicHi  does 
take  place  as  supposed,  is  this  a  reason  for  the  observed  diminution  of 
light?  If,  when  isolated,  either  fluid  is  capable  of  cmilting  a  brilliant  light, 
should  not  their  co-operation  increase  the  eHectT  If,  aller  their  union, 
they  do  not  shine,  it  can  only  be  in  consequence  of  their  abandoning,  at 
that  moment,  all  the  light  with  which  they  were  previously  associated.  It 
cannot  be  imagined  that  the  light  accompanying  one  should  neutralize  that 
accompanyiog  Ihe  other. 

fn  deflagrating,  by  voltaic  electricity,  a  wire  of  uniform  thickness, 
equally  refrigerated,  the  most  intense  evolution  of  heal  and  light  is  always 
midway. 

In  truth,  the  theory  which  the  learned  author  sanctions,  requires  two 
postubtes  so  irreconcilable,  that  unless  one  be  kept  out  of  view,  the  other 
cannot  be  sustained.  It  requires  that  the  fluids  should  exercise  an  intense 
reciprocal  allmction  adequate  to  produce  chemical  affmily,  and  of  course, 
enter  into  combination  when  they  meet,  and  yet  rush  by  each  other  with 
ineonceivable  velocity,  not  only  through  the  air,  but  also  through  the  re- 
stricted channel  afforded  by  a  small  wire.  If  the  fluids  combine  at  a  point 
intervening  between  the  surfaces  from  which  ihey  proceed,  what  becomes 
of  the  compound  which  they  form?  Is  it  credible  that  such  a  compound 
would  afford  no  indication  of  ita  existence?  But,  again,  how  arc  two  sur- 
faces,  the  one  previously  deprived  of  a  large  portion  of  the  negative  ele^ 
tricity  naturally  due  to  it,  the  other  tnade  as  deflcicat  of  the  positive  fluJi^ 
to  regain  their  natural  stale?    By  a  combination  midway,  the 
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mi^  be  diipcaed  of,  bol  wheooe  could  tbe  vi- 
bo  aupplied  t 
with  the  grant  majortty  of  madam  chenuBts, 
al  affinhy  to  the  Bttraction  between  the  two  electricities 

pondenue  pertides.    Ae  the  comlunBtioiia  between  such 

take  plsce  only  in  definite  proportions,  would  it  aot  be  condateiit 
tbsl  the  bods  which  give  liae  to  than  should  combine  agieesbly  to  those 
Inral  Bat  if  tbe  dectrical  oompouod,  Ibrmed  of  the  Tilreoua  end  rasi- 
■oui  electricities,  be  decomposabte  by  induction,  sa  tbe  themry  in  question 
Rqniies,  its  ooostituents  must  be  capable  of  uniting  in  «nrr  picfNntion. 

Agreeably  to  tbe  late  inTestigations  of  (ha  celebrated  Faraday,  ctpal 
Mutities  of  tbe  electric  fluid  an  evolved,  by  analogous  cbsniical  chaom, 
Bom  equivalent  wdghts  of  difierent  ponderable  bodies.  Tt  may,  thenlSie, 
k  inferred,  that  in  entering  into  comlunation,  tbe  dediic  fluid  is  obedieni 
tg  tboee  laws  of  definite  proportion  which  i^ulate  athei  substoncea. 

89.  mHwUaated  dote,  Peme,.md  7Mc. 

Fig.  1.  rig.  s. 


Uttle  disks  of  tin  foil  are  so  pasted  in  aucceasion  on  a  glass  globe, 
pane,  or  tube,  as  to  leave  only  a  minute  interval  between  (hem.  In  con- 
nquenoe  of  this  arrangement,  when  situated  in  the  circuit  between  the 
potes  of  an  electrical  machine,  tbe  electric  fluid  availing  itaelf  of  tbe  cod- 
durting  power  of  the  metal,  and  leapitig  over  each  interval,  produces  as 
■nany  sparks  as  there  are  intervals.  At  tbe  same  time,  if  these  intervals 
Ul  within  tbe  lines  of  any  drawing,  tlie  image  representing  the  drawing 
will  appear  at  each  flash ;  and  wl^n,  as  in  using  a  large  machine,  the 
dashes  are  incessant,  remitting  without  intermitting,  the  effect  upon  the 
eye  is  nearly  as  pennaneot  as  if  the  illuminated  spaces  were  inherently 
Imniaous. 

Id  tbe  case  of  tbe  gkdje  sod  tube  lepreseoted  by  figures  1  and  2,  the 


44 


IMPONDERABLE  SUBSTANCES. 


disks  are  arranged  in  spirals,  winding  about  ihe  globe  or  lube  from  one 
apex  or  end  to  ihc  olFier.  However  intricate  the  route  which  ingenuUf 
mny,  by  means  of  the  foil,  prescribe,  it  will  be  pursued  by  the  Raid  with 
fidelity,  when  the  air  and  pane  are  dry.  Yet  tKe  sum  of  the  iniervtli 
must  not  exceed  ihe  whole  striking  distance  of  the  machine,  or  In  olber 
words,  the  j^realest  length  of  its  spark. 

This  illugtratiaii  ainj  be  variod  by  means  of  apparatiia,  of  which  engntvingt  uti 
deKriptiona  wUl  bo  found  in  the  two  fnllowing  uticUa. 
40.  niamiaaled  Columm. 


It,  tliBt,  when 


A  iwivel  of  wire,  tcrminatiDg  in  knobs,  ia  so  balanced  upon  a  pin 
ohar^d,  it  revolvea  from  tba  braea  knob  of  tbe  column  to  which  it 
that  of  the  next,  and  thus  Bucceasively  conveja  [o  E[ich  the  apajks 
bj  the  machine. 

41.  CaTTraai  EtiacrlarUes. — Sparhlmg  Pants. 

This  sppellalion  ia  given  in  Fiiii'a  Catalogue  to  the  apparatus  daacribed  in  the 
following  article. 
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•  piece  ding  figure  reprOBentBa  pane,  in  wliich  the  lilBCOiitiiiiiUies  in  tlie  tin  toil 
umahtd,  u  eipluined,  (Si)  boing  lUDde  to  or-aui  along  the  lines  of  e  dritwing,  an 
uge  is  Ken  u  ollen  ai  Ibe  electric  (park  passes.  The  frame,  A,  having  two  glui 
olamns  surmouDled  by  metallic  clasps  for  socuring  Uie  pane,  is  contrived  to  ao- 
ommodato  a  succesiion  of  panes,  all  of  one  size  exactl;,  on  which  diSerent  imagea 
«■  delineated,  and  which  may  Ue  shown  in  auccession.  In  ape  rating,  the  upper 
mH,  B,  i*  situated  so  as  to  be  in  coDtact  with  the  sliding  rod,  R,  of  the  prime  con- 
hntni.  At  this  point,  the  fluid  enters,  and  coursing  hotiionlollj,  first  towards  one 
Hi,  and  Ihon  towards  the  other,  it  finally  cscajies  at  the  other  ball  into  the  foot 
if  Ae  instrument,  which  should  conununicate  with  the  cushions  of  the  machine, 
<r  indirectly. 

4a.  muminaltd  Eggs. 

Between  three  glass  columns  a  pile  of  eggs 

supported  in  mutual  cantact.    They  are  also 

at  top  and   at  bottom  with  spin! 

10  other,  with  a  bnun  knob  which 
the  cap  in  which  the  columns 
lorniinate,  and  by  which  they  are  secured. 
The  eirgs  thus  situated  may  be  taken  into  the 
between  the  conductors  of  the  maohiae, 
or  the  coatings  ofa  battery,  and  thus  be  illumi- 
tisted  by  the  passage  of  tlie  electric  fluid.  The 
experiment  is  seen  to  the  best  advanta^  when 
a  poweriiil  machine  is  employed,  as  the  oBoct 
is  in  that  case  durable  ;  scarcely  any  intermis- 
sion taking  place  in  the  flashes.  The  contents 
of  the  eggB  appear  to  be  exposed  to  the  eye,  as 
if  divested  of  their  shelly  covering. 


-.iurota  BoTiaiis. 

It  appears  from  the  experiments 
of  Volta,  tliat  elooUical  excitement 
is  conscquonl  to  the  vaporixation  of 
water.  In  fact,  to  what  other  canae 
than  the  successive  formation  and 
cundetisatlon  of  vapour,  are  we  to 
ascribe  the  prodigious  evolution  of 
electricity  which  accompanies  thnn- 
dergusla.  Those  portions  of  the 
eacui  which  are  within  the  arctic 
or  antarctic  circles,  must,  in  conw- 
quence  of  their  frigidity,  be  incea- 

turo  from  the  atmosphere,  which, 
as  its  capacity  for  moisture  varies 
with  the  temperature,  must,  whan- 
evor  it  is  carried  by  circulation  to 
that  icy  region,  part  with  a  portion 
of  the  water  which  it  abMibi  in 
warmer  latitudes.  Indeed,  inde- 
pendently of  those  ai3rial  cuitenta 
which  would  favour  this  result,  the 
law  of  the  diffusion  of  vapours  would 
cause  it  incessantly  to  o;ttend  itself 
from  warmer  latitudes,  where  it  is 
MUpplied  with  the  caloric  requisite 
in  its  formation,  lowords  those  oolder 
ii'ijions  in  which  it  is  deprived  of 
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Here  then  is  a  great  source  foi 
ndity  which  cauues  oil  vspiiur  to 
UiB  vicinity  with  dry  ice,  which  i 
trie  fluid  thus  Bccumulalec!  la  eaci 
it  niuat  strike  tbrougli  the  dense  . 
tiate  through  the  rare  medium  t.b 
no.  The  last  monlionDd  course 
than  half  a  de^D  of  laLtude,  it  ' 
of  the  finest  air  pump. 

I  infer  that  the  caruacations  i 
of  electricity  nc cumulated  as  abc 
inooisantly  lends.  1  concoivo  r 
(temblancc  bolween  Iho  corusca 
bancted  receiver,  as  repiinanted 

The  figure  ropresenls  only  ont 
only  on  one  side,  and  then  suoec 


ilecLiical  eicilemeut.  Meanwiiite  the  same  frj- 
mdense,  coals  the  whole  surfioe  of  the  earth  IM 
Is  well  known  to  be  sa  electric.  How  is  Ibe  eleo- 
Bpe  ?  It  can  have  but  one  of  two  courses.  Either 
Mr  near  the  earth's  lurface  horiiootally,  or  pene- 
Mne,  where,  as  il  proceeds,  the  resistance  will  les- 
I  is  obviously  prelerable;  since,  at  a  distance  lea 
will  find  a  medium  as  rare  as  that  in  the  receiver 

if  the  aurora  borealis  are  produced  by  the  efTorli 
TO  described,  to  seek  tliat  equilibrium  to  which  il 
i^Bolf  fortihed  in  this  inference  by  a  striking  ra- 
tions of  that  principle  in  passing  through  an  ex- 
in  the  preceding  ligure,  and  those  of  the  aurora. 
I  of  the  appearances.  At  times  the  fluid  will  psw 
■sively  ahifl  to  the  opposite  or  intermediate  paths. 


(If  Electrical  Ignition. 

44.  IgnilioH  of  CotUm  by  the  EleUric  Spark. 


L 


Lei  one  of  the  knobs  of  a  dis> 
charger  bo  surrounded  by  a  tuft 
of  carded  cotton,  containing  ■• 
much  linely  powdered  rosin  as  it 
will  retain;  and  while  the  othsi 
knob  touches  the  outer  coaling  (£ 
B  Loydeu  jar  properl}'  charred, 
let  the  cotton  be  approximated  Ui 
the  knob  of  the  jar  procecdina 
from  the  Inner  cmting.  A  spark 
will  pass,  and  the  catton  will  be 
ignited. 


45.  li^mmaiieB  of  Etktr  by  the  EJtctne  Spark. 

This  object  is  conveiiienlly  effected  by  n 

e  glass  with  a  perforated  slem,  llirough  which 
e  passes  from  a  dish  of  metal  comenled  to  ihe 
fool.  The  wire  rises  about  fwo-lhirds  of  the  height 
of  the  glass,  terminating  in  a  knob.  ITp  to  tha 
middle  of  the  ktiob,  the  cavity  of  the  wine  glasi 
may  be  filled  with  plaster  of  Paris,  or  other  cement, 
so  as  to  leave  only  a  portion  of  the  knob  bare. 
The  ether  should  only  form  a  thin  stratum  not  eft. 
tirely  covering  Ihe  apex  of  the  knob. 

In  consequence  of  its  ready  vaporization   and  i 
admixture  with  air  in  open  vessels,  ether  is  always 
surrounded  by  an  explosive  nimosphere  which  if* 
readily  inflamed  by  the  passage  ihrough  il  of  an  electric  spark,  either  from 
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liw  conduclor  of  a  machine,  or  rrom  a  Lcyden  jar.  The  result  is  ren- 
<fcred  taaie  interesting,  when  accomplished  by  a  discharge  from  surfoces 
electrifiect  by  means  of  water,  as  in  the  experiment  ticscrihcd  page  36. 


Bj  neuu  of  a  wire,  iniDlat«d  by  being  enclosed  in  a  gtus  lube  cemented  into  a 
Kickel,  which  acrows  inlo  the  touch-lio^  of  the  little  cannon  hero  topreacnted,  a 
qjuk  from  an  eicited  conductor  may  bo  made  to  crcwg  a  amel!  internil  witliin  tha 
ban  of  the  piece.  Hence,  if  an  oiplosivo  gaBaoua  miilure  of  hydrogen  with  oiy- 
na,  oc  atnioapheric  sir  bo  made  to  occupy  the  citvilj,  and  be  aecuied  by  a  cork, 
uIb  mixture  will  explode  on  prcietiting  the  knob,  K,  of  the  inanlaled  wire,  to  the 
piBW  conductor  of  the  machino  when  in  operation.  It  may  bo  fired  by  the  linger, 
n  the  noee  of  a  person  auppflrled  upon  an  insulated  chair  or  stool,  and  communi- 
cUiog,  at  the  aune  time,  with  the  prime  conductor  aufficiently  oiclted. 

0/  the  Electrical  Shock. 
This  effect  of  the  electricai  fluid  is  subsequently  treated 
of  in  illustrating  the  mode  of  electrifying  u  patient. 

Of  Mitigating  the  Ejects  of  Electricity. 

The  same  charge  of  electricity,  which  would  produce 
a  shock  or  deflagrate  a  wire  if  received  through  a  knob, 
may  be  insensibly  received  through  a  fine  point.  The 
[Mjwerof  an  electrical  machine,  or  that  of  a  large  battery 
IB  thus  easily  paralyzed.  Hence  tlie  employment  of  pointed 
rods  of  metal  as  a  protection  against  ligiitning.  Hence, 
also,  it  is  necessary,  in  the  construction  of  electrical  ap- 
paratus;  to  avoid  all  edges  or  acute  projections,  unless 
where  it  is  intended  to  'facilitate  the  passage  of  tJie  fluid. 

RcUionaie. — When  a  knob  is  approached  to  an  excited 
coDductor,  as  soon  as  any  portion  of  it  is  near  enough 
to  be  struck,  so  much  of  the  ball  is  at  hand  as  to  allow 
the  whole  discharge  to  take  place  at  once ;  but  when  the 
apex  of  a  pointed  wire  is  near  enough  to  receive  a  portion 
of  the  fluid,  the  other  parts  are  too  remote  to  come  into 
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action;  and  whether  the  point  advances  to  the  electrified 
body,  or  the  body  approximates  the  point,  the  fluid  is  difr 
charged  before  it  is  within  striking  distance  of  the  thicker 
part  of  the  wire. 

In  fact,  the  diflerence  between  a  discharge  by  a  point, 
and  through  a  knob,  resembles  tliat  wluch  exists  betwe«i 
malcing  an  auger-hole  in  a  reservoir  to  let  out  a  fluid,  and 
opening  a  floodgate. 

Of  the  proper  Mode  of  constructing  and  pulling  up  Light- 
ning Rods. 

The  competency  of  pointed  rods  to  protect  us  against 
lightning  is  dependent,  not  merely  on  the  excellence  of 
the  point,  which  should  be  of  platinum,  but  on  the  mode  in 
which  tlie  joints  in  the  conductor  are  made,  and  the  nature 
of  the  soil  in  which  it  terminates.  If  a  wire,  pointed  at 
one  end,  be  blunt  at  the  other,  and  the  nearest  conductor 
to  the  blunt  end  be  not  pointed,  the  charge  will  not  pass 
off  gradually  because  received  at  a  point.  Moreover,  the 
power  of  a  conductor  to  receive  the  electric  fluid  is  com- 
pounded of  its  own  conducting  power,  and  that  of  the 
medium  in  which  it  terminates. 

A  metallic  rod,  terminating  in  a  glass  handle,  in  massea 
of  sulphur  or  resin,  or  in  dry  sand,  would  not  operate  as  a 
conductor.  It  cannot  receive  electricity,  because  it  can- 
not dehver  it. 

Moist  earth  is  but  an  imperfect  conductor ;  since  it 
owes  its  faculty  of  conducting  to  water,  which,  according 
to  Cavendish,  conducts  with  200,000  times  less  facility 
than  iron. 

Lightning  rods  should,  therefore,  be  connected,  by  sol- 
dering, with  an  extensive  metallic  surface  buried  under 
the  earth;  as,  for  instance,  with  sheets  of  lead  or  copper. 

The  cases  in  which  conductors  have  been  found  incom- 
petent, are,  I  am  satisfied,  referrible  to  their  inadequate 
communication  with  the  earth. 

Thus  is  an  important  lesson  given  with  respect  to  the 
means  of  protection  against  lightning.  In  vain  do  we 
employ  for  this  purpose  a  conductor,  nowever  perfect,  if 
it  have  communication  with  the  earth  only  through  a 
limited  contact  with  the  soil,  which,  being  at  best  an  im- 
perfect conductor,  may  become  an  electric  by  desiccatioik 

1  have  surmounted  the  lightning  rod  by  which  my  man* 
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Bion  is  protected,  by  17  copper  wires  pointed  at  one  end, 
and  at  the  other  soldered  into  a  hole  drilled  in  the  rod, 
which  is  constructed  of  iron.  The  junclure  is  surrounded 
by  a  globe  of  zinc  of  about  two  inches  in  diameter,  above 
which  the  wires  extend  divergingiy.  The  copper  uirea, 
by  their  association  with  zinc,  are  protected  from  o.vida- 
tion  ;  while  their  greater  fusibility,  as  compared  with  tiie 
platinum  point  usually  employed,  is  compensated  by  their 
number.  The  rod  thus  mounted  rises  about  10  feet  atwve 
the  apex  of  the  roof,  to  the  copper  covering  of  which  its 
lower  end  is  soldered.  The  copper  covering  has  an  am- 
ple metallic  connexion  with  the  pipe  for  carrying  off  the 
rain,  and  this  pipe  with  those  of  the  public  water  works, 
all  the  joints  being  made  with  screws  or  solder.  By  these 
means  a  most  ample  communication  with  the  earth  is  ob- 
tained. Analogous  means  should  be  employed  in  the  case 
of  all  lightning  rods,  in  situations  where  access  can  be 
had  to  a  similar  ramification  of  metallic  pipes. 

47.  Experimental  Illustration. 


Effect  of  a  point  shown  in  drawing  a  charge  from  a 
battery  or  conductor: — proved,  also,  that  its  power  is 
weakened  or  destroyed  by  t>eing  associated  with  an  elec- 
tric or  imperfect  conductor. 

ADDITIONAL  MEANS  OF  PRODUCING  ELECTRICITY, 

Of  the  Eleclropkonis. — Of  Electricity  evolved  by  the  Fric- 
tion of  Caoutchouc. — Vf  E/ectricily  evolved  by  Pressure. 

48.  Of  the  Eleclrophorus. 
This  is  a  peculiar  instrument  for  the  excitation  of  elec- 
tricity, which  we  owe  to  the  celebrated  Volta.  Electri- 
cal induction  has  already  been  explained  (see  30);  like- 
wise the  susceptibility  of  resinous  substances  to  l>e  elcc- 
tri5ed  negatively  by  friction  has  been  illustrated.  The 
electrophorus  is  indebted  for  its  efficiency  to  the  co-ope- 
ntion  of  the  effects  of  friction  with  the  inductive  power. 
fif  rubbing  the  cake  of  resin,  C,  with  the  fur  side  of  a  dry 
;  akin  in  a  dry  atmosphere,  the  resin  is  negatively  elec- 
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trifieil.  l(  the  metallic  disk,  D,  be  placed  upon  the 
while  thus  excited,  it  will  acquire  a  greater  capaci 
receive  electricity,  in  consequence  of  the  proxitnity  ( 
negatively  excited  surface  of  the  rosin,  as  has  ah 
been  explained  in  the  instance  of  the  condensing  ek 
meter.  Hence,  if  placed  upon  the  resin  with  the  i 
the  glass  handle,  K,  on  applying  the  knuckle  to  the  1 
N,  a  spark  will  pass,  and  again  when  the  disk  is 
about  an  inch  or  two  from  the  resin,  another  sparl 
be  received;  and  this  may  be  continued  in  a  dry  air 
longer  lime  than  any  operator  would  have  patience  1 
peat  the  operation.  In  dry  weather,  and  in  a  dry  a 
ment,  an  electrophorus  will  give  sparks  for  many  w 
without  being  again  excited  by  friction.  It  was  thr 
the  aid  of  (his  property  of  his  electrophorus,  that  ' 
was  enabled  to  contrive  an  apparatus  for  the  produ 
of  instantaneous  light,  of  which  an  engraving  and  des 
lion  will  be  found  in  the  section  on  Caloric. 

Of  Electricity  evolved  by  the  Friction  of  Camilchoui 
Dr.  J.  K.  Mitchell  has  ascertained  that  in  the  bu 
of  a  bag  made  of  caoutchouc,  or  that  of  a  thin  8h( 
the  same  material  stretched  on  a  frame,  there  is  a 
prising  susceptibility  of  electric  excitement.  The  al 
tivc  power,  consequent  to  the  excitation,  appeared  t 
peculiarly  powerful. 

Of  Electricity  evolved  by  Pressure. 
TTiere  are  many  substances,  especially  gum  elasl 
caoutchouc,  which,  if  placed  upon  the  disk  of  a&^a' 
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meteTf  and  pressed,  will,  on  the  cessation  of  the  pressure, 
evolve  enodgfa  electrici^  to  be  indicated  by  die  goM  leaf. 

49.  Evobttion  ^  EhdricUif /irom  Caoutchouc  bif  Pressure. 

C,  cap  of  electrometer;  D,  handle  of 
metallic  disk,  between  which,  and  the 
cap  of  the  single  leaf  electrometer,  may 
be  seen  a  piece  of  caoutchouc  suUected 
to  pressure.  The  disk  being  sumenly 
removed,  the  leaf  will  strike  the  ball  as 
when  otherwise  electrified. 


THEORETIC  EXPIANATION  OF  ELECTRICAL  PHENOBIENA. 

h  may  be  pn^^or  to  give  the  radoDale  of  the  prodnotkm,  accumulation^ 
nd  neutialiiatioa  of  etoctrid^,  agreeably  to  tbe4octrine  of  two  fluids. 

This  doctrine  ha^  within  thelurt  thirty  yean*  been  gaining  in  credit, 
e^pedaDy  on  the  continent  of  Eurqpe. 

Cfike  Theory  qf  two  Flmds. 

Aooocding  to  thk.hvpotherisy  when  a  body  is  electrically  excited,  a  neu* 
tid  compound,  fennia  of  two  electrical  fluids,  is  decomposed;  oneaccumu- 
kles  in  the  eoudted  btthjs  the  other  is  evolved.  That  which  aocumulales 
iaenited  ^ass  is  evolved  by  eidted  resin;  and  vice  versa,  that  which 
iocaraniates  in  resin  is  evolved  by  glass.  Hence,  according  to  this  theory, 
the  two  electridties  are  always  produced  both  by  resin  and  glass;  though 
tibe  fluids  accumulated  in  them  respectively,  being,  in  the  first  instance, 
Kparatoly  recognised  and  associated  with  the  substances  in  which  they 
were  observed,  were  named  accordingly. 

When,  as  in  an  dectrical  machine,  a  portion  of  a  glass  cylinder  or 
piale  is  rubbed  against  a  cushion,  it  gives  off  resinous  and  receives  vitreous 
electricity.  This  surcharge  of  the  vitreous  fluid  is  retained  by  the  excited 
sorfiKse,  until,  in  revolving,  it  comes  opposite  to  the  collector. 

The  change  of  capacity,  which  caused  the  glass  to  eject  the  resinous  and 
attract  the  vitreous  fluid,  ceasing  with  the  friction  to  which  it  owes  its  exist- 
ence, an  equalization  of  the  electricities  between  the  glass  and  the  con- 
ductor ensues;  by  which  the  excitement  is  reduced,  more  or  less,  accord- 
ing to  the  extent  of  their  respective  surfaces.  Returning  to  the  cushion,  the 
glass  is  re-exdted  to  the  same  extent  as  at  flrst ;  and,  by  a  continuation  of 
the  process,  gradually  causes  an  exchange  of  vitreous  for  resinous  elec- 
tricity between  the  conductors,  until  they  are  electrified  as  oppositely  as 
theperfbrmance  of  the  machine  will  permit. 

Under  these  circumstances,  if  a  conducting  communication  be  made  be- 
tiraen  the  oppositely  exdted  bodies,  the  electricities  rush  together,  neutral- 
itj  ensues,  and  a  total  cessation  of  electrical  phenomena. 

By  some  philosophers,  the  union  of  the  two  fluids  is  supposed  to  be  pro- 
doctive  of  the  evolution  of  heat  and  light.  The  inevitable  consequence, 
that  in  separating  they  must  absorb  those  elements,  seems  not  to  be  sufii- 
oeotly  contemplated;  nor  indeed  justified  by  any  observed  refrigeration 
between  the  surfiuses  of  the  cushion  and  dectric,  where  the  separation 
takes  place. 
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In  eharging  a  Leyden  jar,  the  two  coatings  beoome,  for  the  time  they 
are  in  communication  with  the  conductors,  respectively  a  part  of  them. 
That  which  touches  the  resinous  or  negative  conductor,  therefore,  gives 
up  its  vitreous  electricity,  and  receives  resinous ;  while  an  opposite  exchange 
of  resinous  for  vitreous  takes  place  in  the  other  coating.  Meanwhile  the 
opposite  electricities  are  supposed  to  exercise  a  reciprocal  attraction  through 
the  glass,  and  are  thus  retained  upon  the  surfaces  which  they  respectively 
occupy.  Of  course  a  removal  of  the  coatings  does  not  cause  a  removal  of 
the  charge. 

When  the  positive  and  negative  surfaces  of  a  charged  pane  act  simulta* 
neously  on  a  metallic  arch  made  to  complete  the  circuit  between  them,  the 
resinous  electricity  is  attracted  out  of  the  end  of  the  arc,  near  the  coating 
vitreously  charged,  while  the  opposite  effect  takes  place  at  the  other  end. 
Thus,  by  a  series  of  decompositions  and  recompositions,  or  by  currents 
passing  each  other,  the  different  surfaces  arc  restored  to  their  previous 
state. 

The  principle  of  induction  is  much  resorted  to,  agreeably  to  the  doctrine 
of  two  fluids,  to  explain  the  passage  of  a  spark  between  a  body  either  vit- 
reously or  resinously  excited,  and  one  which  is  neutral.  It  is  supposed 
that  the  fluids  attract  each  other  in  all  proportions,  and  in  a  way  to  bring 
into  equilibrio  the  self-repellent  power  of  the  homogeneous  atoms  tending 
to  dissipate  the  aggregate  fluid,  and  the  attraction  of  the  heterogeneous 
atoms  tending  towards  its  accumulation.  Yet  it  is  conceived  that  the  equi- 
librium is  liable  to  be  destroyed  by  the  presence  of  a  body  surcharged  with 
either  elefctricity .  If  it  be  vitreous,  by  mduction  it  repels  the  vitreous  fluid 
from  any  mass  in  its  vicinity,  and  attracts  the  resinous ;  if  the  surcharge 
be  resinous,  it  repels  resinous  electricity,  and  attracts  vitreous.  When 
this  species  of  reaction  reaches  a  certain  degree  of  intensity,  the  surchai^, 
and  the  heterogeneous  electric  matter,  which,  by  the  inductive  process, 
has  been  accumulated  in  the  neighbouring  conductor,  rush  together,  pro- 
ducing an  electric  discharge,  and  under  favourable  circumstances  a  spark 
or  a  shock. 

Thus  the  unknown  electric  compound,  formed  by  the  union  of  the  two 
electricities,  is  considered  as  liable  to  be  decomposed  by  the  proximity  of 
either  of  its  constituents  in  excess. 

.  When  of  two  portions  of  the  same  matter,  one  is  remote,  the  other  ac- 
tually combined  with  a  common  object  of  attraction,  I  cannot  understand 
wherefore  the  one  should  be  displaced  by  the  other. 

Additional  Remafks  explancUary  of  Franklin's  Hypothesis* 

According  to  the  theory  of  Franklin,  the  effect  of  an  electrical  machine 
in  drawing  electricity  from  the  cushion,  and  accumulating  it  in  the  prime 
conductor,  has  some  analogy  with  that  of  a  wheel  or  pump  for  raising 
water. 

The  increased  capacity  for  the  electric  fluid,  arising  from  friction  in  the 
glass,  operates  like  a  bucket  on  a  wheel,  to  enable  it  to  receive  a  portion 
of  fluid ;  and  the  loss  of  this  capacity,  afler  the  friction  ceases,  is  analo- 
gous to  that  inversion  of  the  buckets  which  causes  them  to  be  emptied  at 
every  semi-revolution. 

When  the  liquid  thus  raised  is  withdrawn  from  one  reservoir  to  be 
thrown  into  another,  so  that  the  quantity  in  the  former  is  diminished  as 
moch  as  it  is  increased  in  the  latter,  the  effect  is  analogous  to  that  of  the 
cylinder  or  plate  of  an  electrical  machine  in  creating  a  surcharge  in  one 
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«r  dw  wufcoB^of  a  pane  at  the  espenae  of  the  other.  Should  the  reser- 
foin  be  afloiM  auheeqaeotly  to  cominuDicate  by  a  syphon  or  sluice,  and 
m  oodteqiWDCie  being  on  the  same  level,  a  previous  equilibrium  of  pres^ 
me  be  lestorody  the  office  performed  by  the  ^phon  would  be  analogous 
to  that  ofa  metallic  arc  in  restonn|^  the  electricu  equilibrium  of  the  changed 
ior&oea  of  a  coated  pane;  excepting  that  the  velocity  of  the  electric  cur* 
rent  m  incomparably  greater* 

In  explaining  the  operation  of  char|;ing  a  coated  pane  by  the  theory  of 
Franklin,  the  mcessant  agencv  of  the;  attraction  between  the  fluid  and  the 
gfaMi  should  be  kept  in  nuncL  It  -is  necessary  to  suppose  an  intense  at- 
traction to  exist  between  the  glaas  and  the  dectrical  particles;  while  be- 
tweeo  these  particles  there  is  an  intense  self-repulsion.  When  these  forces 
are  imimpeded,  there  can  be  no  dectric  accumulation,  because  operating 
equally,  they  must  produce  an  eqfral  distribution  of  the  electric  fluid. 

In  a  chaiged  pane,  this  tendcmy  to  an  equilibrium  is  counteracted  by 
the  impermeability  of  .the  glass,  so  that  when  by  the  operation  of  the  ma- 
diine,  the  fluid  is  absitaetdl  frcnn  one  side  of  the  pane  tcfoe  piled  upon  the 
other,  the  same  attractkm  of  the  glass  which  resist!  the  withdrawai  df  the 
flnid  from  the  negative  surfiuse,  retains  it  upon  the  positive  sur&ce  as  soon 
at  it  reaches  it;  while  the  surchai^  thus  retained,  prevents'lBiny  accession 
to  die  negative  surface  of  electricity  from  other  bodies.  Thus  an  electrical 
■udiaTge  in  a  coated  jar  or  pane,^is  dependent  on  its  attraction  for  the 
Mgative  sor&oe,  and  the  repulsion  between  it  and  the  electric  matter  in' 
otfarbodies. 

RatUmale  of  Electric  Light  and  Ignition* 

It  appears  evident  that  there  is  a  re-action  between 
heat,  light,  and  electricity. 

It  is  not  surprising,  therefore,  that  the  presence  of  one 
should  cause  the  appearance  of  either  of  the  others;  sinbe 
they  all,  evidently,  pervade  nature.  It  may  be  conjec- 
tured that  the  electric  fluid  is  luminous  when  projected 
with  intensity  into  the  air,  in  consequence  of  its  carrying 
along  with  it  the  Hght  encountered  in  its  progress  through 
ponderable  matter.  In  like  manner  it  may  cause  the  ex- 
trication of  caloric,  by  displacing  it  when  latent;  or  by 
adding  temporarily  to  its  repellent  power,  it  may  enable 
it  to  overcome  the  attraction  of  cohesion ;  in  which  case 
a  metal,  no  doubt,  contains  caloric  enough  to  produce  a 
violent,  or  even  explosive  separation  of  the  metallic  par- 
ticles.* 

MEAKS  OF  ELECTRIFYING  PATIENTS  EITHER  WITH  SPARKS  OR 

BY  SHOCKS. 

50.  Electrifying  with  Sparks. 

A  person,  seated  on  an  insulated  chair,  is  made  to  com- 
nmnicate  with  one  of  the  conductors.    Being  thus  nega- 

*  See  Mctioni  on  Calonc  and  Light. 


lively  or  positively  electrified}  sparks  may  be  taken  from 
any  [>art  of  the  body,  by  a  metallic  knob  or  point.  IPl 
the  knob  be  too  severe,  the  point  may  be  used;  and  if' 
this  be  too  powerful,  it  may  be  covered  by  a  wooden 
cone,  C,  represented  in  the  follovring  engraving. 

51.  Apparatus  for  Electrifying  6y  Shocks. 


In  order  to  subject  a  person  to  shocks,  a  coated  jar  is 
used  with  two  knobs;  one  in  communication  with  the 
inside  coating  through  the  rod,  R,  which  supports  it,  the 
other  supported  on  an  insulated  wire,  W,  so  that  it  may 
be  made  to  approach  or  recede  from  the  knob  which  com- 
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municates  with  the  inner  coating.  To  the  outer  coating 
and  the  insulated  knob,  chains  are  attached,  each  termi- 
Dating  at  one  end  in  a  knob  of  metal  with  an  insulating 
bandle.  The' handles  are  held  by  the  operator,  and  the 
koobs  applied  to  the  patient,  so  as  to  leave  between  them 
the  part  to  be  electrified.  The  coatings  of  the  jar  being 
gevcrally  connected  with  the  ditlcrSnt  conductors  of  an 
electrical  machine,  the  charge  increases  in  the  jar  until  it 
become  strong  enough  to  strike  through  the  interval  be- 
tween the  knob  connected  with  the  mner  coating,  and 
that  insulated  in  its  vicinity.  Of  course  the  height  of  the 
charge  depends  upon  the  interval  thus  left,  according  to 
the  operator's  discretion,  or  the  feelings  of  the  patient. 


SECTION   II. 

CALORIC. 

Experimental  Proofs  of  the  Existence  of  a  material  Cause  of 

Calorific  Repulsion. 

It  has  been  ascertained  that  ice  melts  and  water  freezes 
at  the  temperature  of  32°  of  Fahrenheit's  thermometer. 
If  at  this  temperature,  which  is  called  the  freezing  point, 
ice  in  a  divided  state,  as  in  that  of  snow  for  instance, 
be  mingled  with  an  equal  weight  of  water  at  172%  the 
ice  will  be  melted,  and  the  resulting  temperature  will  be 
32%*  but  if  equal  weights  of  water  be  mingled  at  those 
temperatures,  the  mixture  will  have  the  mean  heat  of 
i02^ 

It  follows  that  a  portion  of  heat  becomes  latent  in  the 
aqueous  particles  during  the  liquefaction  of  the  ice,  suffi- 
cient to  raise  an  equal  weight  of  water  one  hundred 
and  forty  degrees.  In  this  case  the  ice  is  supposed  to 
combine  with  material  calorific  particles,  innately  en- 
dowed with  a  power  of  reciprocal  repulsion,  and  like- 
wise with  that  of  combining  with  ponderable  matter. 
Heace  water  is  considered  as  a  combination  of  ponderable 
particles,  endowed  with  a  reciprocally  attractive  power, 
and  imponderable  particles  endowed  with  a  reciprocally 
repellent  power;  so  that,  in  obedience  to  the  power  last 
mentioned,  the  compound  atoms,  instead  of  cohering  as 
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in  the  solid  state,  move  freely  among  each  other,  forming 
consequentlj  a  liquid. 

In  all  cases  of  Hquefaction  or  fusion  which  have  beeo 
examined,  analogous  results  have  been  observed;  whence 
it  is  generally  beheved  that  whenever  a  solid  is  converted 
into  a  liquid,  its  particles  unite  with  a  portion  of  the  mate- 
rial cause  of  heat,  which  becomes  latent  as  in  the  case  of 
ice  in  melting.  The  evidence  is  equally  strong  in  favour 
of  the  inference  that  in  passing  from  the  liquid  to  the 
aSriform  state,  ponderable  matter  combines  with,  and  ren- 
ders latent  even  a  larger  quantity  of  heat  in  proportion  to 
its  weight,  than  in  cases  of  liquefaction. 

When,  by  means  of  a  thermometer,  we  obser\'e  the  rise 
of  temperature  in  water  exposed  to  a  regular  heat,  as  when 
placed  in  a  cup  upon  a  stove,  we  find  that  nearly  equal 
mcrements  of  heat  are  acquired  in  equal  times,  until  the  i 
boiling  point  is  attained.  Subsequently,  the  cup  being  open' 
so  as  to  allow  the  steam  to  escape  freely,  no  further  rise', 
of  temperature  will  lie  found  to  ensue;  but  in  lieu  of  it, 
steam  will  be  evolved  more  or  less  copiously,  in  propor- 
tion to  the  activity  of  the  fire.  Since  from  the  time  the 
■water  boils  it  ceases  to  grow  hotter,  it  may  be  fairly  pre- 
sumed that  the  steam  geaerated  during  the  ebullition,  al- 
though of  a  temperature  no  higher  than  212°,  contains,  in 
a  latent  state,  the  caloric  which  meanwhile  enters  the 
liquid.  This  presumption  is  fully  justified  by  the  fact,  that 
if  any  given  weight  of  steam  be  received  in  a  quantity  oT 
cool  water  ten  times  heavier,  it  will  cause  in  it  a  rise  oV 
temperature  of  nearly  one  hundred  degrees. 

The  heat  which  would  raise  ten  parts  of  water  to  100 
degrees,  would,  if  concentrated  into  one  of  those  partB^ 
raise  it  to  1000  degrees  nearly,  which  is  about  equal  t3 
a  red  heat.  It  follows,  tlierefore,  that  as  much  heat  * 
absorbed  in  producing  steam,  as  would  render  the  water 
of  which  it  consists  red-hot,  if  prevented  from  assuming 
the  aeriform  state. 

These  facts  and  deductions  induce  chemists  generally 
to  believe  that  the  cause  of  calorific  repulsion  is  mate- 
rial; that  it  consists  of  a  fluid,  of  which  the  particles  are 
self-repellent,  while  tliey  attract  other  matter;  that  by  the* 
union  of  this  fluid  with  other  matter,  a  repulsive  property 
is  imparted,  which  counteracts  cohesion,  so  as  to  cauBOi 
successively,  expansion,  fusion,  and  the  at^riform  etat 
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^Bpd  further,  (hat  it  is  by  the  afflux  of  the  calorific  matter 
^Bat  the  sensation  of  heat  is  produced,  while  that  of  cold 
^Mohs  from  its  efflux. 

^V  Acceptation  of  the  term  Caloric. 

'  If  we  place  a  small  heap  of  fulminating  mercury  upon 
ihe  face  of  a  hammer,  and  strike  it  duly  with  another 
bamraer,  an  explosion  will  ensue  so  violent  as  to  indent 
die  steel.  This  explosion,  agreeably  fo  the  premises,  can 
only  be  explained  by  supposing  the  evolution  of  a  great 
quantity  of  the  material  cause  of  heat.  Were  an  equal 
quantity  of  red-hot  sand  to  be  suddenly  quenched  with 
Water,  the  effect  would  be  comparatively  feeble.  We  may, 
dierefore,  infer  that  the  fulminating  powder,  though  cold, 
contains  more  of  the  cause  of  heat  than  a  hke  quantity 
of  red-hot  sand.  Hence  it  would  follow  from  using  the 
word  heat  in  the  sense  both  of  cause  and  effect,  that  there 
is  more  heat  in  a  cold  body  than  in  a  hot  one,  which  in 
language  is  a  contradiction.  On  tliis  account  it  was  con- 
sidered proper  by  the  chemists  of  the  Lavoisierian  school, 
to  use  a  new  word,  caloric,  to  designate  the  material 
cause  of  calorific  repulsion. 

52.  Experimental  Illuslradon. 
A  portion  of  fulminating  mercury  exploded  between  two 
hammers. 

ORDER  PURSUED  IN  TREATING  OF  CALORIC. 
EsrAHBiON. — Modification  or  tbb  Evwetm  op  Caloric  sv  Athos- 
^nxic  PsEssuKE. — CAPAcrriEs  fob  Hkat,  or  Sfkcific  Heat. — 
Stow  CoMMtiNiCATioN  OF  Hbat,  coxpRKtno  THE  CoMircTinB  Pho- 
cus  AND  CiBCULATioN. — QricK  OoMMit  SI  CATION  OF  Heat,  or  Ra- 
oiATioN. — Meanb  of  rRoDVtiMi  Heat,  ob  rk\derin«  Caloric  mbr- 
stBLE. — MbaK9  op  PHoDt!ci>c!  CoLp,  OH  u^fiDtLKiTio  Caloric  latest. 
— States  rn  which  Caloric  exists  in  Nature, 

EXPANSION. 

or  THE  EXPANSION  OF  SOLIDS.  UQUIDS,  AND  ELASTIC  FLUIDS, 
AND  OS  TtlE  OPPONENT  AGENCY  OF  ATMOSPHF.BIC  AND  OTHER 
PRESSUaS, 

Expansion  of  Solids. 

A  ring  and  plug,  which  when  cold  fit  each  other,  cease 
10  do  so  when  eiUier  is  heated;  and  a  tin?  when  red-hot 
H  made  to  embrace  a  wheel  otherwise  too  large  for  iU 
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53.  Pyrometer^  in  which  the  Extention^  in  lengthy  of  a  Metallic  Bar  is 
rendered  sensible  by  a  Combination  of  Lexers* 

The  influence  of  temperature  on  the  length  of  a  metallic  wire  may  be 
rendered  evident  by  means  of  the  instrument,  of  which  fig.  1,  in  the  oppo- 
site ei^raving  is  a  representation. 

WW,  represents  a  wire,  beneath  which  is  a  spirit  lamp  consisting  of 
a  long,  narrow,  triangular  vessel  of  sheet  copper,  open  along  the  upper 
angle,  so  as  to  receive  and  support  a  strip  of  thick  cotton  cloth,  or  a  suc- 
cession of  wicks.  By  the  action  of  the  screw  at  S  the  wire  is  tightened, 
and  by  its  influence  on  the  levers,  the  index  I  is  raised.  The  spirit  lamp 
is  then  lighted  and  the  wire  enveloped  with  flame.  It  is  of  course  heated 
and  expanded,  and,  allowing  more  liberty  to  the  levers,  the  index  upheld 
by  them  falls. 

By  the  action  of  the  screw  the  wire  may  be  again  tightened,  and,  the 
application  of  the  lamp  being  continued,  will  again,  by  a  further  expan- 
sion, cause  the  depression  of  the  index ;  so  that  the  experiment  may  be 
repeated  several  times  in  succession. 

Since  this  figure  was  drawn,  I  have  substituted  for  the  alcohol  lamp 
the  more  manageable  flame  of  hydrogen  gas,  emitted  from  a  row  of  aper- 
tures in  a  pipe  supplied  by  an  apparatus  for  the  generation  of  that  gas. 
See  fig.  2. 

If,  while  the  index  is  depressed  by  the  expansion,  ice  or  cold  water  be 
applied  to  the  wire,  a  contraction  immediately  follows  so  as  to  raise  the 
index  to  its  original  position. 

Metals  are  the  most  expansible  solids^  but  some  are  more  expansible 
than  others. 

The  following  table,  abstracted  by  Turner  from  that  furnished  by  La- 
voisier, will  show  the  increase  of  bulk  obtained  by  glass  and  various  me- 
tals in  rising  in  temperature  from  32°  to  212°. 

J>rames  of  Substances.  EUngaii^r^huUed 

•'  from  32°  to  212°. 

Glass  tube  without  lead,  moan  of  three  specimens  1-1115  of  its  length. 

English  flint  glass, M248 

CJopper, 1-581 

Brass,  mean  of  two  specimens, 1-532 

Soft  iron,  forged, 1-819 

Iron  wire, 1-812 

Untempered  steel, 1-927 

Tempered  steel, 1-807 

Lea^ '.        .        .  1-351 

Tin  of  India, 1-616 

Tin  of  Falmouth, 1-462 

Silver,       - 1-524 

Gold,  mean  of  three  specimens, 1-602 

Platinum,  determined  by  Borda, 1-1167 

Pyrometers  have  been  made  of  platinum,  in  one  of  which,  invented  hy~ 
Daniel),  changes  in  the  length  of  a  cylinder  of  this  metal,  arising  fronrn. 
temperature,  are  made  sensible  by  the  motion  of  a  lever  associated  with  it^ 
and  which  acts  as  an  index.  In  the  other,  a  bulb  is  formed  of  platinum  9 
and  the  degree  of  heat  is  inferred  from  the  quantity  of  air  expelled. 

The  use  of  this  air  pyrometer  is  burdened  by  the  necessity  of  measure- 
ment and  calculation  to  ascertain  the  result.     This  might  be  very  mucfm 
facilitated  by  the  use  of  a  sliding  rod  and  air-gauge.     The  retraction  ol* 
the  rod  might  be  made  to  compensate  (he  expulsion  of  air,  while  divisioi 
well  made  on  it  would  indicate  the  quantity. 


InnlnimciU 
)t  ^monttraling  the  Poiter  of  Caloric  In  expanding  a  Metallic  Rod- 
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54.  Experimental  Illustration  of  the  dijff^erent  Expansibility 

of  Metals. 

That  the  expansibility  of  one  metal  may  exceed  that  of 
another,  may  be  rendered  apparent  by  soldering  together, 
face  to  face,  two  thin  strips,  one  iron  the  other  brass. 
On  exposure  to  heat,  the  compound  strip,  thus  constituted, 
assumes  the  shape  of  an  arch.  The  brass,  which  is  the 
more  expansible  metal,  forms  the  outer  and  of  course 
larger  curve. 

Supposed  Exception  to  the  Law  that  Solids  expand  by  Heat 
in  the  case  of  Clay^  which  contracts  in  the  Fire. 

The  phenomena  do  not  justify  us  in  considering  the 
contraction  of  clay  from  heat  as  an  exception  to  the  ge* 
neral  law.    In  the  first  instance  clay  shrinks  by  losing 
water,  of  which  the  last  portions  are  difficult  to  expel.  In 
the  next  place  a  chemical  union  takes  place  between  the 
principal  ingredients,  silica  and  alumina,  which  is  rendered 
more  compile  in  proportion  to  the  duration  and  intensity 
of  the  fire.    It  may  be  presumed  that  the  vitreous  com- 
pound, which  would  result  from  a  complete  fusion  and 
combination  of  the  constituents,  would  be  as  expansible 
as  other  vitreous  substances. 

55.  Experimental  Illustration. 

The  contraction  produced  by  heat  in  cylinders  of  clay 
shoMOi  by  means  of  the  ingenious  but  inaccurate  pyrome- 
ter of  Wedgwood. 

Expansion  of  Liquids  or  non-elastic  Fluids. 

The  word  fluid  applies  to  every  mass  that  will  flow,  or 
distribute  itself  equally  in  obedience  to  its  own  weight  or 
self-repulsion. 

Ponderable  fluids  are  either  elastic  or  non-elastic    Lat- 
terly the  term  liquid  has  been  employed  to  designate  those 
fluids  which  are,  like  water,  alcohol,  and  oil,  devoid  of 
[      elasticity,  a  property  which,  in  due  time,  I  shall  define 
!      and  illustrate* 
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56.  Liquids  are  expanded  when  their  Temperature  is  raised^ 
and  some  Liquids  are  more  expansUtle  than  t^hers. 


Let  two  globular  glass  vessels,  with  long  narrow  necks, 
as  nearly  as  possible  of  the  same  size  and  shape,  be  sup- 
plied severally,  with  water  and  alcohol,  excepting  the 
necks  from  N  N  to  O  O,  as  represented  in  the  above 
figure.  Under  each  vessel,  place  equal  quantities  of  char- 
coal, burning  with  a  similar  degree  of  intensity;  or  pre- 
ferably, surround  the  bulhs  simultaneously  with  hot  water 
in  an  oblong  vessel  of  suitable  dupensions.  The  liquids  in 
both  vessels  will  be  expanded  so  jfe  to-rise  into  the  necks; 
but  the  alcohol  will  expand  to  a  greater  height  than  the 
water. 

The  dilatation  of  the  following  liquids,  by  a  change  of 
temperature  from  33°  to  212°,  is  as  follows—alcohol  1-9, 
nitric  acid  1-9,  fixed  oils  1-12,  sulphuric  ether  1-14,  oil  of 
turpentine  1-14,  sulphuric  or  muriatic  acid  1-17,  brine 
1-20,  water  1-23  nearly,  mercury  about  1-55. 

The  rate  of  expansion  for  liquids  increases  with  the 
temperature;  as  if  their  particles,  by  becoming  more  i^ 
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mote,  lost  some  of  their  ability  to  counteract  the  repulsive 
influence  of  caloric. 

The  number  associated  with  each  of  the  substances  in 
the  following  list,  shows  its  melting  point  as  estimated  by 
Fahrenheit's  scale.  One  degree  of  DanielPs  pyrometer,* 
by  which  the  temperatures  above  600**  were  measured,  is 
calculated  to  be  equal  to  seven  of  Fahrenheit. 

Cast  iron  3479%  gold  2590%  silver  2233°,  brass  1869% 
antimony  810%  zinc  648%  lead  606%  bismuth  497%  tin 
442%  sulphur  218%  beeswax  142%  spermaceti  112%  p^s- 
phorus  108%  tallow  92%  olive  oil  36%  milk  30%  blood  25% 
sea  water  27i°,  oil  of  tur[>entine  14%  mercury — 39%  nitric 
acid — 45i%  sulphuric  ether — 46°. 

Exception  to  the  Law  that  Liquids  expand  by  Heat. 

The  bulk  of  water  diminishes  with  the  temperature, 
until  it  reaches  39°  nearly.    Below  this  point,  it  expands 
as  it  grows  colder,  and  in  freezing  increases  in  bulk  one- 
ninth.    This  wonderful  exception  to  the  law  that  hquids 
expand  by  heat,  appears  to  be  a  special  provision  of  the 
Deity  for  tl|f  preservation  of  aquatic  animals ;  for  were 
water  to  increase  in  density  as  it  approaches  the  point 
of  congelation,  the  upper  stratum  would  continue  to  sink 
as  refrigerated  in  bodies  of  water  below  39°,  as  well  as 
in  others.     Hence  a  whole  river,  lake,  or  sea  might,  in 
high  latitudes,  be  rendered  too  cold  for  animal  life;  and 
finally  be  so  far  converted  into  ice,  as  not  to  thaw  during 
the  ensuing  summer.     Subsequent  winters  co-operating, 
the  whole  might  become  irretrievably  solid.     But  in  con- 
sequence of  the  peculiarity  in  question,  the  coldest  stra- 
tum, in  a  body  of  water  below  39°,  remains  at  top,  until, 
if  the  cold  be  adequate,  congelation  ensues.     The  buoy- 
ant sheet  of  ice,  which  results  in  this  case,  forms  effec- 
tively a  species  of  winter  clothing  to  the  water  beneath 
it;  and,  by  augmenting  with  the  frost,  opposes  an  increas- 
ing obstacle  to  the  escape  of  caloric  from  the  water  which 
it  covers. 

Expansion  of  Aeriform  Fluids* 

Aeriform  fluids  are  much  more  expansible  than  liquids. 
In  order,  however,  to  appreciate  the  changes  of  bulk  which 

*  See  notice  of  this  pyrometer^  page  58. 
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ihcy  may  be  observed  to  sustain,  it  is  necessary  to  under- 
stand the  influence  which  the  pressure  of  the  atmosphere 
has  upon  their  density,  independently  of  temperature.  The 
simple  influence  of  heat,  in  expanding  them,  may  be  illus- 
trated by  holding  a  hot  iron  over  the  thermometer  of 
Sanctorio,  represented  in  the  following  figure. 

Tfierniomeicrs. 

The  invention  of  the  thermometer  is  ascribed  to  Saoc- 
torio.  The  principle  of  that  form  of  the  instrument  which 
he  contrived  may  be  understood  from  the  following  arti- 
cle. 


57,  Expansion  of  Air  illunlrated  by  the  Air  Thermonteter  of  Sanctorio 
on  a  large  ScaU. 

The  bulb  of  a  matrsBs  U  Bupport- 
ed    by  a  ring  and  an  upright  ntie 
with  ils  neck  downwards,  so  ba  lo 
have  its  orifice  bcncalh  the  surface 
or  the  water  in  a  Email  glass  Jar.     A 
heated  iron  being  held  over  the  ms-    i 
Irass,  the  contaiuecj^air  is  so  much    I 
increased  in  bulk,  that,  the  vessel  be<  i 
ing  inadequate  to  hold  it,  a  partial 
escape  Irom  the  orifice  through  tba 
water  ensues.     On  the  ramovatof  the 
hot  iron,  the  residual  air  regains  iCi 
previous  temperature,  and  the  portion 
expelled  by  the  expansion  is  replaced 
by  the  water. 

If  in  this  case  Ihe  quantity  of  aif 
expelled  be  so  regulated,  that  wbeo 
the  remaining  portion  returns  to  iti 
previous  temperature,  the  liquid  risei 
about  halfway  op  the  stem,  or  neck* 
the  apparatus  will  constitute  an  att 
thermometer.  For  whenever  th« 
temperature     of    the    externa] 
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s  must,  by  acquiring  the  same  temperalure,  sustain  a  correspondioK  ^ 
le  or  diminution  of  bulk,  and  conset^uenlly,  in  a  proportionate  d^  ' 
grec,  induence  the  height  of  the  liquid  in  the  neck.  As  elastic  fluids  rm  ' 
dilated  equably,  in  proportion  to  Ihe  temperature,  and  are  also  much  mora 
expansible  than  liquids,  this  lltermomeler  would  be  very  accurate,  as  well 
as  pre-eminent  in  sensibility,  were  it  not  influenced  by  atmospheric  pres-  t 
sure  as  well  as  temperature.  On  this  account,  however,  il  was  never  of  J 
much  utility.  Subsequently  liquids  were  resorted  (o,  and  the  inslrum 
assumed  the  form  now  generally  employed,  the  principle  of  which  is  ei*  I 
plained  by  experiment  &5,  page  60. 
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In  the  following  pages  I  shall  give  engravings  and  descriptions  of  the 
form  of  the  thermometer  used  in  the  laboratory,  of  the  self-registering  ther- 
iDometery  of  the  differential  thermometer,  and  of  an  apparatus  which  illus- 
trates the  difference  between  it  and  Sanctorio's  thermometer. 

Agreeably  to  the  example  of  my  predecessor  and  preceptor  Dr.  Wood- 
house,  I  have  been  accustomed  to  exhibit  to  my  class  the  blowing  and 
filling  of  a  thermometer.     Of  this  process  an  account  is  subjoined. 

The  tubes  used  in  ocmstnictiiig  thennometers  are  made  at  almost  all  the  glass 
booses,  having  asnallv  a  capillary  perforation.  They  are  made  by  rapidly  drawing 
oat  a  hollow  |^1«m  globe  wnile  red  hot,  bj  which  means  it  is  chan^d  into  a  long 
cylindrical  string  of  fflass,  in  the  axis  of  which  a  perforation  ezislB,  in  conseqaence 
of  the  caritj  of  ue  globe. 

When  a  thermometer  tube  is  softened  by  exposure  to  a  flame,  excited  by  a  blow- 
pipe,  a  balb  may  be  blown  upon  it. 

While  the  bulb  is  still  warm,  the  other  end  of  the  tube  is  immersed  in  mercury, 
or  in  spirit,  according  to  the  purposes  for  which  the  instrument  is  intended.  As 
the  bulb  cools,  the  air  within  it  contracts,  and  thus  allows  the  liquid  to  enter,  ha 
obedience  to  the  pressure  of  the  atmosphere.  The  bulb  thus  becomes  partially  sup- 
plied with  the  liquid,  which  is  next  boiled  in  order  to  expel  all  the  air  from  the  ca- 
nity of  the  bulb  and  perforation.  The  orifice  being  again  depressed  into  the  liquid, 
when  the  whole  becomes  cold  the  liquid  will  fill  the  cavity  of  the  bulb.  This  re- 
sult will  be  hereafter  fuUv  explained  and  illustrated. 

Th*  open  end  of  the  tube  being  now  heated,  is  drawn  out  into  a  filament  with  a 
capillaiy  perforation.  The  bulb  being  raised  to  a  temperature  above  the  intended 
range  cnTthe  thermometer,  so  as  to  expel  all  the  superabundant  liquid,  the  point  is 
fhaed  so  as  to  seal  the  orifice  hermetically,  or  in  other  words  so  as  to  be  perfectly 
air-tight. 

In  the  next  place,  the  bulb  is  to  be  exposed  to  freezing  water,  and  the  point  to 
wliich  the  liquid  reaches  in  the  capillary  perforation  marked.  In  like  manner  the 
boiling  point  is  deftsmiined,  bj  subjecting  the  bulb  to  boiling  water.  The  distance 
between  the  freeaing  and  boiling  points,  thus  ascertained,  may  be  divided  according 
to  the  desired  graduation. 

The  scale  of  Reaumur  rec^uires  80  divisions,  that  of  Celsius  100,  Fahrenheit's 
180.  The  graduation  of  Celsius  is  the  most  rational ;  that  of  Fahrenheit  the  least 
so,  although  universally  used  in  Great  Britain  and  the  United  States. 

The  domes  of  these  scales  are  to  each  other  obviously,  as  80, 100,  and  180;  or  oa 
4, 5,  and  9.  Hence  it  is  easy  to  convert  the  one  into  the  other  by  the  rule  of  three. 
It  should,  however,  be  observed  that  the  scales  of  Celsius  and  Reaumur  coin- 
mence  at  the  freezing  of  water,  all  above  that  being  plus,  all  below  it  minus ;  while 
the  scale  of  Fahrenheit  commences  at  thirty- two  degrees  below  freezing.  Hence 
in  order  to  associate  correctly  any  temperature  noted  by  his  thermometer  with 
theirs,  we  must  ascertain  the  number  of  degrees  which  the  mercury  is  above  or 
below  freezing,  and  convert  this  number  into  one  equivalent  to  it  by  their  gradua- 
tion; and  conversely,  after  changing  any  number  of  degrees  of  theirs  into  his,  we 
most  consider  the  result  as  indicating  the  number  of  degrees  above  or  below  32 
oa  his  scale. 

The  process  above  described  for  the  construction  of  a  thermometer,  is  equally 
appUcable  whether  the  bulb  bo  filled  with  alcohol  or  mercury.  Each  of  these 
hqiuds  has  peculiar  advantages.  Mercury  expands  most  equably.  Equal  divisions 
an  the  scale  of  the  mercurial  thermometer  will  more  nearly  indicate  equal  incre- 
xaents  or  decrements  of  temperature.  Mercury  also  affords  a  more  extensive 
nnge;  as  it  does  not  boil  below  GSC^,  nor  freeze  above — 39^,  of  Fahrenheit's  ther- 
Bometric  scale. 

Alcohol  boils  at  176^,  but  has  not  been  frozen  by  any  cold,  natural  or  artifi- 
dal.  Being  more  expansible  than  mercury,  it  is  more  competent  to  detect  slight 
changes. 

Besides  those  above  mentioned,  a  thermometric  scale  has  been  used  in  Russia, 
which  bears  the  name  of  its  author,  Delisle.  In  this,  zero  is  at  the  boilincr  point  of 
water,  and  five  of  his  graduations  are  equal  to  six  of  Fahrenheit's. 
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58.  Laboratory  Thermometer. 


The  thermometers  used  in  laboratories,  are  asui 
structed  so  as  to  have  a  portion  of  the  wood  01 
which  defends  them  from  injury  and  receives  t 
duation,  to  move  upon  a  hinge,  as  in  the  adjoining 

This  enables  the  operator  to  plunge  the  bulb  int 
without  introducing  the  wood  or  metal,  which  woi: 
be  detrimental  either  to  the  process  or  to  the  insi 
if  not  to  both. 

The  scale  is  kept  straight  by  a  little  bolt  on  the 
it,  when  the  thermometer  is  not  in  use. 


59.  Self-registering  Thermometer. 
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This  figure  represents  a  self-registering  thermometer. 

It  comprises  necessarily  a  mercurial  and  a  spirit  thermometer,  which  di£ 
those  ordinarily  used,  in  having  their  stems  horizontal  and  theif  bores  roui 
large  enough  to  admit  a  cylinder  of  enamel  in  the  bore  of  the  spirit  therit 
and  a  cylinder  of  steel  in  the  bore  of  the  mercurial  thermometer.  Both  tl; 
der  of  enamel  and  that  of  steel  must  be  as  nearly  of  the  same  diameter  1 
perforations  in  which  they  are  respectively  situated,  as  is  consistent  wi 
moving  freely  in  obedience  to  gravity,  or  any  gentle  impulse. 

In  order  to  prepare  the  instrument  for  use,  it  must  be  held  in  such  a  situi 
that  the  enamel  may  subside  as  near  to  the  end  of  the  alcoholic  column  as  ] 
yet  still  remaining  within  this  liquid. 

The  steel  mtist  do  in  contact  with  the  mercury,  but  not  at  all  immersed  i 

Under  these  circumstances,  if,  in  consequence  of  its  expansion  by  heat,  1 
cnry  advance  into  the  tube,  the  steel  moves  before  it;  but  should  the  mer 
tire  during  the  absence  of  the  observer,  the  steel  does  not  retire  with  it. 
the  maximum  of  temperature,  in  the  interim,  is  discovered  by  noting  the  art 
opposite  the  end  of  tne  cylinder  nearest  the  mercury.  The  minimum  of  t 
tore  is  regutered  by  the  enamel,  which  retreats  with  the  alcohol  when  it  C( 
tmt,  when  it  expands,  does  not  advance  with  it.  The  enamel  must  retire  ' 
alcohol,  since  it  lies  at  its  margin,  and  cannot  remain  unmoved  in  the  ab 
any  force  competent  to  extricate  it  from  a  liquid,  towards  which  it  exercii 
attraction.  But  when  an  opposite  movement  takes  place,  which  does  not 
its  extrication  from  the  liquid  necessary  to  its  being  stationary,  the  enai 
not  accompany  the  alcohol.  Hence  the  minimum  of  temperature,  which  m 
intervened  during  the  absence  of  the  observer,  is  discovered  by  ascertaii 
degree  opposite  the  end  of  the  enamel  nearest  to  the  end  of  the  column  of 
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This  initraineiit  eonswts  of  a  rUm  tobe  nevl;^  in  the 
fiyrm  of  the  letter  U,  with  a  biub  at  eaeh  tenmoation. 
In  the  bore  of  the  tube  there  it  tome  liquid,  as,  for  in- 
atanoe,  odlonred  loliiharic  acid,  alcohol,  or  ether.  When 
each  en  inetroment  ia  ezpoeed  to  any  general  alteration 
of  temperatore  in  the  surronnding  nwdiom,  ae  in  the 
caie  of  a  chanffe  of  weather,  the  air  in  both  bolbe  be- 
ing eqoally  aftcted,  thbre  ia  no  movement  nodnced 
in  the  fluid;  hot  the  oppoeite  ia  true,  when  the  alight- 
ect  ehanfle  of  temperature  ezduaiTelj  aflbcta  one  oithe 
bulbe.  Anj  amaU  bodiea  intuated  at  difierent  plaoee 
in  the  aame  apartment  warmed. bj  a  fire,  will  ahow  a 
diTeraitjr  of  temperature,  when  aeTerally  ^nP^ied  to  the 
different  bulbe. 


U.JHfinmtm 


The  adjoining  figure  repreeenta  an 
inatrument,  whieh  acta  aa  an  air  ther- 
mometer, when  the  at^pple  8  ia  re- 
moved from  the  tubulure  in  the  coni- 
cal recipient,  R ;  because  in  that  case, 
whenever  the  density  of  the  atmos- 
phere varies  either  m>m  changes  in 
temperature,  or  barometric  pressure, 
hereafler  to  be  explained,  the  extent 
of  the  alteration  will  be  indicated  hj 
an  increase  or  diminution  of  the  space 
occupied  by  the  air  in  the  bulb,  B, 
and  of  course  b^  a  corresponding 
movement  of  the  liquid  in  the  stem,  T. 
But  when  the  stopple  is  in  its  (Iftcei 
the  air  cannot,  witnin  either  cavity  of 
the  instrument,  be  affected  by  changes 
in  atmoapheric  preaaure:  nor  can 
changes  of  temperature  which  operate 
equafly  on  both  cavities,  produce  any 
movement  in  the  liquid  which  sepa- 
rates them.  Hence,  under  these  cir- 
curoitances,  the  instrument  is  compe- 
tent to  act  only  aa  a  differential  ther- 
mometer. 
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MODIFICATION  OF  THE  EFFECTS  OF  CALORIC  BY  ATMOS- 

PHERIC  PRESSURE. 

Digression  to  demonstrate  the  Nature  and  Extent  of  Attnospheric 

Pressure* 

62.  Experimental  Proof  that  Air  has  Weight. 

The  air  hang  aUowed  to  replenish  an  ex- 
hausted globe^  while  suspended  from  a  scale 
beam  and  accurately  counterpoised^  causes  it 
to  preponderate. 

By  a  temporary  convnunication  with  an  air 
pump,  by  means  of  a  screw  with  which  it  is 
ibmished,  a  glass  globe  is  exhausted  of  air. 
It  is  theo  suspended  to  one  arm  of  a  scale  beam, 
and  accurately  counterpoised.  Being  thus  pre- 
pared, if  by  opening  the  cock  the  air  be  al- 
lowed to  re-enter  the  globe,  it  will  preponde- 
rate; and  if  a  quantity  of  water,  adequate  to 
restore  the  equilibrium,  be  introduced  into  a 
small  vessel,  duly  equipoised  by  a  oounter- 
weight  applied  to  the  other  arm  of  the  beam, 
the  inequality  in  bulk  of  equal  weights  of  air 
and  water  will  be  satisfactorily  exhibited* 


Definition  of  EUisticity. 

The  power  which  bodies  have  to  resume  their  shape,  position,  or  bulk 
on  the  cessation  of  constraint,  is  called  elasticity.  The  degree  in  which 
any  body  possesses  this  power  is  not  to  be  estimated  by  the  force,  but  by 
the  perfection  of  its  recoil.  A  coach  spring  is  far  more  powerful,  but  is 
not  more  elastic,  than  a  watch  spring. 

Elasticity  is  erroneously  spoken  of  as  a  varying  property  in  the  air, 
which,  in  common  with  aeriform  fluids  in  general,  appears  to  be  always 
perfectly  elastic. 

As  a  property  distinguishing  aeriform  fluids  from  liquids,  elasticity  con- 
veys the  idea  of  a  power  in  a  given  weight  of  a  fluid  to  expand  or  to  con- 
tract with^  the  space  in  which  it  may  be  confined,  producing  at  the  same 
time  a  predsure  on  the  internal  surface  of  the  cavity,  or  any  object  within 
it,  inversely  as  the  space. 

The  Existence  and  Extent  of  the  Pressure  of  the  Atmosphere  experimentaUy  demon* 

strated, 

PRXLIMINART   PROPOSITIOV. 

For  the  pressure  of  any  fluid  on  any  area  assumed  trn^Am  it,  the  pressure  qfa  eo- 
lumn  of  any  other  fluid  may  be  substituted,  makinf  it  as  mmeh  kigner  as  Uglier,  as 
mueh  tower  as  heaiier;  or  in  other  words,  the  hsignts  are  inversdy  as  the  gramties. 


»/  Mercury  and  WaUt. 
IfintoalBll  glaasjar 


'    Ifl^gt^  glad!   tllDD  0| 

ndsl   wcro  introduc 

Q2  Ino  Jar  with  wite 

Id  of  ■ 


adjoinini 
<,  C,  (lik 


',  thia  liquid 


der  In  tha  i 


,cylLr.. 
m  the 


;  bul,  if,  u  in  the  li| 
fore  inlroducing  the  witor.  the 
bottom  of  the  ju  b?  cavorsd  with 
B  nralurn  of  mercury,  two  inches 
deep,  BO  ju  to  be  ■uffieientl;  nbove 
the  open  end  of  the  cylinder,  It 
must  bo  evident  Ihat  the  water 
will  be  prevented  from  entering 
tha  cylinder  br  the  interposjlixin 
of  a  heaTier  liquid.  But  ai  the 
praBsurDoflhe  water  on  the  mer- 
cury outiide  of  the  cyUndar  ia 
unbalunced  by  aay  prDsiiire  from 
water  within  the  cylinder,  the 
laercury  within  will  rise,  until, 
by  its  weEght,  the  externii]  prea- 
Burc  of  the  water  iacompenuted. 
When  ihia  ia  eAbcted,  it  will  be 

the  icilo,  &  the  lioight  of  the 
two  liquid!,  that  for  every  inch  of 
I  elevation  aeqaired  by  the  mer- 
■  oury,  the  water  has  riaen  more 
than  n  fool;  since  tlie  Height  of 
mercury  ia  to  Ihat  of  water,  ai 
I^.ti  to  1. 

U  tutj  be  detnonitrated  tliat  the  preaaura  of  the  column  of  mcrenry  is  exactly 
•qolnlellt  to  that  of  a  eolunm  of  water  having  the  aame  baie,  and  an  altitude 
ifwl  to  that  of  the  water  in  the  jar.  by  fiitiae  the  cylinder  with  water.  It  will 
On  b«  Men,  that,  when  the  water  inaide  of  the  cylinder  ia  on  a  level  with  tho 
(nler  on  the  outside,  the  mercury  within  the  cylinder  ia  atso  on  a  level  with  the 
nercury  without. 

It  is,  therafore,  obirioui,  that  the  elevation  of  the  column  of  mefcurj',  within  the 
tibe>  ia  produced  by  the  weight  or  preesure  of  Iha  water  without,  and  nieasurei  the 
•Heat  Mthat  preaaure  on  the  lower  orifice  of  the  tube. 

(A.  TKt  lUustration  extended  to  (Ac  coje  of  liqaida  lighter  Utan  Mertxry. 

Let  there  be  four  jars,  each  nbout  four  inches  in  diameter,  tnd  more  than  thirty 
iaebca  in  height,  severally  (iccnpiod  by  mercury  to  the  deptli  of  about  two  inches. 
bthc  ftXia  Oleach  jar,  let  a  tube  be  placed,  of  about  one  inch  and  a  half  in  diame- 
hr,  and  ^mut  one-fourth  taller  than  the  jar,  with  both  en  da  open,  and  tho  lower 
•liAee  tudcr  Iha  mirjitce  of  the  mercury.  On  pouring  water  into  the  jars,  the  mer- 
tvj  riaea  in  tha  tubes,  aa  the  water  riaes  in  the  jars;  but  the  mercury  rina  aa 
mneh  leaa  than  the  water  as  it  ie  heavier. 

Tha  mercnrial  columns  in  this  case,  as  in  the  preceding  experiment,  owe  their 
ctistpncfl  to  the  pressure  of  the  surrounding  water,  and  by  their  height  measure 
Ibt  extent  of  that  pressnre  on  the  areas  of  l^eir  bases  respeotivelv.  They  may  be 
cotnidend  n»  anbstitated  severally  for  the  Kjueous  columns,  which  would  have  en- 
tered the  tubes  had  not  the  mercury  been  mlerpoaed.  Accordingly,  water  being 
pnured  into  one  of  the  tubes,  tho  mercury  in  that  tube  subsides  to  a  level  with  the 
marcory  without,  when  the  water  ponred  into  the  tube  reaches  the  !ovol  of  the 
•aler  without. 

The  three  remaining  columns  of  mercury  may  be  considered  as  substituted,  in 
*il«r,  for  columns  of  water,  and  being  as  mucli  lower  as  heavier  are  found  ade- 
fnta  to  pfeaerve  the  equilibrium. 

A  fMtdou  ta  he  pTaitd  thai  nthafidds,  heavier  or  tighter  than  valer,  mag  in 
Nk  nMin*r  tt  nAtlOatid  for  the  cofnmiu  of  tnercary,  and  ef  oaax$»  for  (He  >wif«r  q/' 
vkirA  At  mercuri/  li  the  Tipreientalici  
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Into  the  Urns  tubal, 
mercury  sre  suBtnined,  poor  aevBrnllv, 
'      "  -       ulehed)  ftudasofu' 


tbej  may  be  diili 


wbieh,  fay  the  addition  of  walec  to  the  j«Ti,  c 

lIly.Gtber,  alcahal,  (diScrenllycolaun 

.bed)  ftiid  >  solution  of  suJpbata  of  copper,  uolil  Ibe  mBrcuntl 

reduced  to  a  level  wilb  the  mercary  without.     It 


I 


will  be  found  tbst  tbe  column  formed  by  tbe  cupreous 
the  Burface  of  Ibe  water  on  the  ouUide  of  Ilie  lube  \  that  the  opposite  ia  tnia  of  tha 
column  of  alcobol;  and  Ihst  the  ether,  still  more  than  the  alcohol,  eiceeda  the  nir- 
rounding  water  in  elevation, 

While  it  is  tbua  proved  (hat  columna  of  mercury,  ether,  alcohol,  and  of  a  salina 
liquid  may,  in  water,  he  substituted  for  columns  of  this  liquid ;  it  ia  also  appareot 
that  they  must  be  as  much  higher  ai  lighter,  as  much  lower  as  heavier;  or  In  olhar 
words,  their  bGightB  must  be  inversely  as  their  gravJCies;  which  will  hereaner  b« 
more  accurately  proved  by  means  of  an  initrument  which  I  have  contrived,  colli 
the  lilrameter. 

lis.   Torricellian  Experinunl. 

Pursuant  lo  ibe  Uw  which  has  been  aboye  illustratod,  thai  tlie  pressure  of  di  . 
fluid  may  be  substituted  for  ihat  of  another,  provided  an;  difference  of  weight  ba 
compensated  by  a  corresponding  difierence  in  height ;  if,  in  lieu  of  water,  the  mai- 
cury  were  pressed  by  air  on  the  uulside  of  llio  tubes,  unbalanced  by  air  within,  oo- 
lumDs  of  the  metal  would  be  elevated,  which  would  be  in  proportion  to  the  height 
and  weight  of  tlie  air  thus  acting  upon  it. 

In  order  to  ahuw  that  tbe  air  exercisas  a  pressure  on  the  mercury  outside  of  th*  ' 
tubes,  analogous  to  that  eiercised  by  water  in  the  experiments  just  deictibed,  it 
is  only  requisite  that  this  external  pressure  be  unbalanced  by  the  pressure  of  ail 
within  [he  tube. 

This  desideratuin  is  obtained  by  filling,  with  mercury,  a  tube  about  three  fiset  ^ 
length,  open  at  one  eod  and  closed  at  (be  other,  and  covering  the  open  end  v 
the  iiand,  until  it  be  inverted  and  merged  in  a  vessel  containing  some  of  the  el 
metal,  without  allowing  onj  air  to  enter,     A  mercurial  column  of  about  30  in 
in  height  will  remain  in  tbe  tube,  supported  by  the  pressure  of  tbe  surrounding  al 
and  an  index  of  its  weight.     This  is  a  cue  obviously  analogous  to  that  of  the  raB 
curial  columns,  lupported  by  the  pressure  of  water  in  the  experimental  iUu■tImlu^  J 
above  given. 


The  lube  i<  . 
:ap;  eitlier  of  the  lliree  poai- 
iprecenled  in  the  drawing, 
■rcury,  in  ench  pmition, 
leaeryei  the  mme  depBo  of  ele- 


Tho 


lorfsco  being  always 
in  Ihe  sinie  hDriiontal  plane,  or 
levol,  whether  upright  or  inclined. 
Or  tre  mnij  gv-ppete  three  lube*, 
hllcid  with  mBrcur;,  and  ioterlBd 
in  a  vessel,  nearly  full,  of  the 
same  rnelal,  tn  bs  placed  in  the 
putitiona  repnieented  in  the  draw- 
iv\g.  The  upper  Burfaceii  of  the 
columns  of  mercury  in  each  tube, 
will  be  found  always  coincident 
with  Ihe  same  horizontal  plane, 
however  different  may  be  the  on- 
gte.  which  they  amke  with  tbe 
horiinn.  And  the  horizon lal  plana, 
in  wliich  Ifaeii  BUrfacea  ore  thm 
fonnd,  will  be  between  98  and  31 
inches  above  the  surface  of  the 
mercury  in  the  vessel.  The  line, 
L,  with  nhichthemercuijin  each 
of  the  tubes  is  on  a  IbtcI,  repre- 
senls  a  cord  rendered  horiiontal, 
by  making  it  parallel  with  the  sar- 
face  of  the  mercury  in  the  reser- 


1  IrUBt  Ibat  the  pie> 
adapted  ti 


eding  illustration! 


nvoy 


ception  of  almoapher 

it  Bometimes  happens,  ibrtuilously,  that 
when  truth  cannot  got  accoai  to  the  mind 
under  one  form,  it  may  reach  it  in  ano. 
thei,  even  when  leis  eligible,  I  lubJcHn 
tbe  following  illustration,  which,  thotigh 
leas  amusing,  and  aaaociating  with  it  fewer 
instructive  phenoniena,  is  mors  brief,  and 
perhaps  equally  conclusive. 

If  a  lube,  recurved  into  a  crook  alone 
end  so  as  to  form  a  ayphon,  with  legs  of 
vory  unequal  length,  and  both  ends  open, 
have  the  crook  lowered  into  water,  as  ia 
the  adjoining  li^urc,  the  fluid  will,  of 
course,  rise  within  (he  tubs  to  the  bodm 
height  as  without.  But  if,  before  th« 
crook  is  sunk  in  the  Quid,  it  he  occupied 
by  mercury,  the  water  will  enter  the  tube, 
only  so  far  OB  tlie  pressure  which  it  exerts 
upon  the  mercury  in  the  short  log  of  the 
siphon,  is  competent  lo  raise  the  mcrcuty 

This  pressure,  or  the  effort  of  the  water 
to  enter  the  tube,  is  obviously  meamred 
by  the  height  to  which  il  forces  the  i 


The  height  will  of  course  be  greater  ■ 
less,  in  proportion  to  the  depth  to  which 
the  lower  surface  of  the  mercury  may  be 
sunk.     It  will  also  be  greater  or  less,  ac- 
d  is  hcavior  or  lighter.     Honce,  a* 
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» 


I 


wntcr  ii  about  820  times  hainer 
pUcs  the  mercury  u  much  u  one 

Lei  u*  imogina  t  tube  recurvei 
Ihe  foregoing  figure,  the  crook  II 
□rilica  u  completely  above  the  alinos] 
water  in  the  jir.  The  mercary,  in  lli 
be  evideotl;  eipoaed  to  a  prBaaure,  ci 
from  wKler,  in  the  cose  of  the  tube,  a 
nir  would,  u  in  the  case  of  the  wulei 
tlie  long  leg  of  the  ajphon. 

It  ii  obviaiulj  impoasible  to  reoli 
ftbove  the  stmosphero;  but,  aa  the  or 
phoD  is  to  rondor  the  mercury  in  11 
•uro,  if  tliis  objool  con  be  otlierwiBo  a 
the  caae  of  the  aUnoephero  without 

In  fool,  to  protect  the  mercury 
biLVe  only  to  seal  the  orifice  of  that  k 
the  ayphon  with  mercury,  before  wo 
6nd  that  the  proHure  of  the  air  on  ibi 
support  a  column  of  ibii  metal  in  tlic 
cationally  varying  from  28  U>  31  inch 


t  depth  of  B20  inches  ij 


ir  would  d»-  < 


d,  similarly  to  Ihe  one  rcpreiented  L 

upipii  by  mercury,  to  have  the  npp«r 
Lphere,  na  the  orifice  of  iLe  tube  ia  above  tl 
short  leg  of  the  syphon,  thus  situated,  wmi— 
used  by  the  air  analogous  to  that  sustainMl  | 
already  illustrated;  and  this  pressure  of  tlH 
be  measured  by  tho  rise  of  the  mercury  in  { 

e  this  experiment  with  a  syphon  reaching  i 
my  motive  for  giving  such  a  height  to  the  tj-  . 
ho  long  leg  inaccessible  to  atmospheric  pre>-  ] 
Bltained,  tbo  phenomenon  may  be  exhibited  In  i 
ny  material  dsvialion.  | 

I  tbo  long  leg  from  atmospberic  pressure,  in  ' 
eg,  and,  Oi rough  tlie  orifice  of  the  other,  to  fill 
olace  it  in  a  vertical  position.     We  shall  then 
ujcrcury,  In  the  open  leg  of  the  syuhun,  wiH 
other  log  of  noarty  thirty  inches,  though  o»- 


li^erencca  Ttspedijig  the  fVdghi  of  tile  AtnotphtTB  from  tkepnctding  EzpenatMi. 

Supposing  the  base  of  the  column  of  mercury,  austained  by  the  atmosphere,  m 

duinonstrated  in  the  preceding  urticles,  were  equivalent  to  a  square  inch,  the  tolll< 

weight  of  the  column  would  be  about  fifteen  pounds.    This  of  course  represents  Ihi 


weight  of  thai  particular  column  of  air  onlv,  whoso  place  it 
for  every  other  superficial  inch  on  tho  earth's  surface,  a  lib 
lartli  must  sustain  a  pressure  from  the  atmosphere,  equal  li 


superficial  inch  on  tho  earth's  surface,  a  like  column  of  air  e 
sustain  a  pressure  from  the  atmosphere,  equal  to  aa  many  coli 
o>  mercury,  DO  inches  high,  as  could  aland  upon  it;  or  equal  to  a  stratum  of  mta^ 
cury  of  tho  hoigbl  just  menlioned,  eilending  all  over  the  surface  of  Ihe  globo. 

It  has  been  shown  that  the  heights  of  hcterogBneous  fluids,  reciprocally  resist- 
ing each  other,  are  Inversaly  as  Ibeit  graviliBs;  or,  in  other  words,  that  lliey  ats 
as  muth  higher  as  lighter,  as  much  lower  aa  heavier.  Tho  height  of  the  column  of 
air  which,  by  Its  pressure,  elevates  the  mercury,  must,  therefore,  be  as  much  greater 
than  the  height  of  the  column  of  mercury,  as  the  weight  of  the  mercury  is  ereatsr 
than  Ihe  weight  of  the  air,  supposing  the  nir  to  be  of  uniform  density.  Mercury 
is  11152  times  heavier  than  air,  and  of  course  the  height  of  tho  atmosphere  would 
be  (If  uniforin  in  density]  1 1 152  X  30  inches  ^  27880  feet ;  supposing  30  inches 
be  the  height  of  the  mercurial  column  supported. 


.ughout 


But  as  the  pressure  of  tho  aim' 
that,  the  heights  iucrenaiug  In  ai 
in  geometrical  progrer-' —      '^'- 


ts  density,  it  may  be  demonstnit 
ression,  Oie  densities  will  deeni 


ttlcal  progri 

^ ^      ^  n  elevation  of  th  .     , 

observation,  half  as  dense  as  upon  the  earth's  surface: 

At  6  miles  it  will  bo  ^  At  21  miles  it  will  be 

9    ...    -      i  a4    -    -    -    ■ 


I  ■    ^ 

r    -    ■    •    ■      tH 
•    -    -    ■    -     tA* 

pump.    Those  results  hkv 


or  rarer  than  we  can  render  it  by  llie  fine 
verified,  to  n  considerable  oitent,  by  actual 

It  IB  reasonable  to  suppose  that  there  is  a  dosreo  of  rarefaction,  at  which  tl 
weight  of  the  ponderable  particles  of  the  air  will  he  in  oquillbrio  with  the  repulHI 
power  of  the  caloric  united  with  them.  Bovond  the  distance  from  the  earth's 
&ce  at  which  there  should  be  such  an  equilibrium,  the  ai  ' 
it  ia  inferred  that  llie  extent  of  our  atmospbere  is  limited. 

Of  the  Water  Pump. 

The  admission  of  the  atmosphere  is  necessary  to  the  suction  of  the  water  fl 
a  receiver.    Air  may  be  removed  from  close  vessels  by  the  same  process 
rises  by  the  pressure  of  tho  atmosphere ;  nir  presses  out  by  its  own  elastioity. 


oiu(  Action  o/'  the  SttcHon  Pump  rendertd  rvidtHl  hy  means  of  a  Modd. 
(3>mtb*r.     Diffa-tnce  betwten  imiaping  nn  Elaclic  Fluid  and  a  Ijquid, 
tjr  mh  apprepiiale  CrniXrivanct. 


■ilh  B  chamber  C  C,  of  glB«,  which  pet- 
■iBlfce  actioii  of  iU  piiton,  F,  and  vkItes  lo  be  seen.  Beton  the  pump  is  a  holluw 
^B  ^obe  filled  with  water.  ThU  globe  cainiDonicatcB  with  the  pump  by  n  lube. 
liMf  dnacendine  fiam  (ho  lower  part  of  the  pump,  through  nn  aperture  in  the 
|M>e,  till  it  nearly  roaches  the  bottom.  This  tube  ia  luted  air  tight  into  the  ikper- 
tanc  by  which  it  enters  Ihs  globo.  Its  orifice,  neil  tbo  chamber,  is  covered  by  a 
nin  opcDinc  upwards.  In  tbo  alia  uf  the  piston  [hero  is  &  perforation,  also  cu' 
raed  bj  a  valTe  opening  upwoida. 
If  the  piatoD,  F,  bo  moved  allornaloly  up  and  down  as  usual  in  pumping,  as  often 
-'*  luei  it*  nlve  will  shut  cIobb;  so  thul  if  nothing  passes  by  the  aidea  of  tlie  pis- 
into  the  chamber  of  the  pnmp  from  bolow,  a  vacuum  must  be  formed 
.  the  piston.  Under  these  circumstances,  it  might  be  expected  thai  thu  water 
rise  from  Ihe  globe  through  the  lower  vnlve,  and  prevent  the  formalion  of  a 
n.  But  being  devoid  of  olaslicily,  and,  therefore,  incapable  of  Belf-exteniion 
»  which  it  occupies,  the  water  does  not  rise  into  the  chamber  'if  the 
foeqi,  ID  long  ■■  by  means  of  the  ctck,  C,  of  tJie  recurved  pipe,  P  P,  comrauiriea- 
Mb  wilb  the  eitemal  air  is  prevented.  But  if  this  cock  be  opened  during  Ihe 
Is  moremant  of  the  pistc^n,  s  portion  of  the  waler  will  mouut  from  the  globe 
atoiha  chunber  at  each  stroke  uf  the  piston.  The  opening  of  the  cock  permits  the 
^Bs^iere  to  press  upon  the  fluid  in  the  elobe,  and  to  force  it  up  the  tube  leading 
It  the  pomp  chunber,  as  often  as  thochajnbet  is  relieved  from  atmospheric  pressure 
bf  the  riaa  of  the  piston, 

Aaaoon  aa  the  puton  descend*,  the  valve  over  the  orifice  of  the  lube  shuts,  and 
F**m*  the  water  from  returning  iulu  the  globe      It  is  of  course  forced  Ihrougl' 
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[he  perruralion  in  Ihe  piatan,  i»o  as  to  get  above  it.    Wben  Ihe  pisti  ^ 

nlte  over  Its  pefforntion  being  shut,  it  lifts  tho  portion  of  water  above  this  vnlre 
until  it  runs  out  at  the  nozila  of  tho  pump  ;  while  the  chamber,  below  tJie  pirton. 
receives  another  supply  from  tho  globe.  But  if  after  all  the  water  has  been  pumped 
from  the  globe,  the  pumping  bo  continued  with  Iht  cork  closid,  i  portion  ofair  will 
be  remavod  from  tho  globe  at  each  stroke.  Until  tho  residue  be  so  much  rarefied, 
as,  by  its  elasticity,  no  longer  to  exert  against  tho  valve,  closing  (he  tube,  s 


ift  it,  and  thus  to  expand  ii 


The  rare&ction,  liius  effecled  in  the  ■■ 


1  the  VI 


aity  Torn 
nlhe, 


i  behind  Lbe  piston, 
Budered  strife- 


air  remaining  in  Ihe  globe,  is  rendered  strife. 
ingiy  evident,  hy  causing  the  orifice  of  the  curved  tube  to  be  under  the  surface  of 
some  water  in  an  adjoining  vase,  while  the  cock  is  opened.  The  water  nisbea 
Irum  the  vase  into  Ihe  eihausted  glubo  with  great  violence ;  and  the  extent  of  lbs 


'S.  Deacriplian  of  a  Chtmical  Impltmail, 

The  opera 
from  the  partial  removal  oratmi    ^  , 

the  quill  by  the  muscular  power  of  the  n 
great  analogr  between  the  mode  in  which  luotion  is  eflected 
by  tile  mouth,  and  that  in  which  a  liquid  ie  made  to  rise  into 
the  bulb  of  an  implement  which  1  am  about  lo  describe,  and 
which  is  very  useful  for  withdrawing  small  portions  of  liquids 
from  situations  from  which  otherwise  [hey  cannot  be  removeil 

This  inscru' 

of  CBOUtChOUF 

In  order  lo  withdraw  from  any  vessel  into  which  Ihe  stem 
will  enter,  a  portion  of  any  contained  liquid,  it  is  only  necet- 
flory  lo  compress  the  bag  so  as  lo  exclude  more  or  less  of  the 
air  from  within  it;  then  place  the  oriiice  of  tho  stem  below 
tho  surface  of  the  liquid,  and  allow  the  bag  to  resume  ill 
shape.  Of  course,  tlie  space  within  it  becoming  larger,  the 
air  must  bo  rarefied,  and  inadequate  to  resist  the  pressure  of 
the  atmosphere,  until  enough  of  the  liquid  shell  have  entered 
to  restore  tho  equilibrium  of  density  between  tho  air  wiUiin 
tho  bag  and  the  atmosphere.  The  air  within  the  bag  can- 
not.  however,  fully  rosuma  its  previous  density;  since  the 
eoluinu  of  the  liqmd  counteracts,  as  far  as  it  goes,  the  atmos- 
pheric pressure.  Indeed,  this  counlrracting  influence  is  so 
groat  in  the  case  of  mercury,  that  tlie  instrument  csnnot  be 
I  his  liquid,  II  is  however  tho  only  substance,  fluid  at  ordinary  lempec- 
icb  is  loo  heavy  to  be  drawn  up  into  the  bulb  of  Ihe  instrument  in  ques- 
1  furnished  with  a  stout  bag. 

Of  Uit  Air  Pump.  j 

DifftTcna  bclatm  the  Jlir  Pump  and  Ihe  Waler  Pump.  ^ 

The  action  of  the  air  pump  is  perfectly  analogous  lo  that  of  the  water  pumpi  M 

between  pumping  water  and  pumping  air,  except  Inat  whidi 

arises  from  Ihe  nature  of  the  fluids;  tho  one  being  clastic,  Ihe  otlicr.  in  oommon  will: 

liquids  in  general,  almost  destitute  of  elasticity. 

In  the  ait  pump,  as  in  the  water  pump,  tliorefore,  there  is  a  chamber,  and  aa  up 
per  and  lower  valve,  which  operate  in  the  same  manner  as  tho  valves  of  the  walOJ 
pomp  already  described.  ^ 


K  from 

1_  The' 

■I 


69.  Descripttnn  of  a  largt  Ah  Pump  ui'lA  Glais  Chambtrs.  • 

very  fine  inslrument  of  large  size,  DbtainM 


from  Mr   Pi 

Ihe  figure,   |1  must  be  evident  that  this  pump  hai 
They  are  unusually  targe,  being  nearly  Iht  ' 


and  of  a  rod,  which  p 


inside 
tliroiigh  the  packin) 


J 
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;a,  dniing  the  descent  of  the  [HfteD,  the  tricticin  of  the  pioking 
■fumt  the  rod,  caiuea  it  to  act  upon  the  v&lve  with  a  degree  of  prexnre  Bdeqatt^ 
lo  praTSDl  anj  cw:i.pB  of  >ir,  thiougli  tlie  hole  which  it  closea,  at  the  bottom  of 
tbaehunbeT.  The  ur  included  between  the  piaton  and  ibe  boltam  of  .the  chamber, 
ia,  tberefbre,  by  the  deicent  of  the  pislOD,  propelled  through  a  channel  in  the  axil 
of  the  pislOD,  covered  by  a  valve  opening  upwards.  When  the  niotion  of  the  piston 
it  levereed,  the  air  cannot,  on  oceaont  of  the  last  mentioned  valve,  letnni  again 
into  the  cavity  which  the  pieton  leaves  behind  it.  But  in  iJie  intarini,  the  eomo 
friction  of  the  packing-,  about  the  rod,  tvhicli  had  caused  it  to  press  downwards,  haa 
now,  in  coiuequcnce  of  the  reveisal  oftbe  stroke,  an  oppoeite  clToct,  and  the  valve 
V  ki  liAed  OS  far  OS  a  collar  on  the  upper  part  of  the  rod  will  permit.  The  rise, 
ihiu  permitted,  ia  just  sufficient  to  allow  the  air  to  ontar  the  chamber  dirough  an 
ap«rture  which  the  valve  had  oloeed,  and  which  communicitea  by  means  of  a  per- 
fermtioa  with  a  bote  in  the  centre  of  the  air  pump  plate,  and  of  course  with  the 
UTitf  of  the  receiver,  RR,  placed  over  tJie  plate.  The  reaction  of  the  air  in  the 
porfiiration  and  [lump  chamber  bein^  diminiehed,  the  air  of  the  receiver  moves  into 
the  chamber  tmtil  the  equilibrium  of  density  is  restored  between  the  two  cavities. 
The  chamber  will  now  be  as  full  of  sir  as  nt  tirsE;  but  the  nil  with  which  it  is  re- 
plenished is  not  ao  dcnae  aa  before,  as  the  whole  quantity  in  the  receiver  and  the 
ohomber  scorcelj  exceeds  that  which  had  existed,  before  tho  atroke,  in  the  receiver 
itone.  By  the  next  downward  stroke,  the  air  which  has  thua  entorod  the  chamber 
if  propelled  through  the  valve  hole  in  the  piston.  Another  upward  stroke  expels 
tlui  air  from  the  upper  portion  of  the  chamber}  and  the  valve  attached  to  the  rod 
being  again  uplifted,  the  portion  of  the  chamber,  left  below  tho  piston,  ia  supplied 
with  another  complement  of  air  from  the  receiver:  and  thus  a  like  bulk  of  air  ia 
withdrawn  at  every  atroke  of  the  pump.  1  sa^  a  like  bidk  of  air,  alnce  the  ^noTitity 
neceasartlj'  varies  with  the  lUnniy  of  tho  air  m  tho  vesael  subjected  (t>  eiluustion. 
Tbv  damly  is  oJwaya  directly  aa  the  gaatUity  of  air  remaining;  of  oouraa  it  finally 
becomes  jnsiniificanl.  Thus  whon  tlio  quantity,  in  tlie  receiver,  is  reduced  lo  one- 
hundredth  of  what  it  was  at  first,  tbo  weight  of  air  removed,  at  each  stroke,  will  be 
oBe-hundredlh  of  (he  quantity  taken  at  ench  stroke  whon  the  proceaa  began. 

I  have  explained  the  action  of  one  chamber  only,  as  that  of  the  otiior  is  exactly 
similar,  excepting  that  while  tlie  piston  of  uno  doaconda,  limt  of  the  other  rises. 

The  gauge  reproaented  in  tho  engraving,  is  one  which  1  have  contrived  upon  a 
well  known  principle.  It  conaiata  of  a  globular  vesael  lo  hold  uiCTCury,  supported 
Bpon  a  cock.  The  mercory  is  prevented  from  entering  the  perforation  in  the  cock, 
by  a  tube  of  iron,  aurmounled  by  a  amollor  one  of  vnmished  copper,  which  pasaes 
Bp  into  a  Torricellian  glaas  tube  till  it  rcachea  near  the  top.  The  gloss  tube  opens 
al  its  loner  eilrcmily.  under  the  surface  of  Ih&  moroury  in  the  globe.  The  ex- 
hiDstion  of  this  tube,  and  that  of  any  vcbsbI  placed  over  the  air  pomp  plate,  pro- 
ceed aiinnltaneonsly,  and  consequently  the  mercury  is  forced  up  from  the  globe 
iolo  the  gloss  tube  to  an  altitude  commensurato  with  the  rarefaction. 

By  inspecting  a  scale,  BS,  behind  the  gloss  tube,  the  height  of  the  mercury  is  aa- 
urtained.  In  order  to  make  an  accurate  observation,  tho  commencement  of  the 
acale  miut  be  duly  adjusted  to  the  surface  of  the  mercury  in  the  globe.  On  this 
uconnl  it  ia  supported  by  sliding  bands  on  an  upright  square  bar,  between  tho  glass 
cylinders. 

The  receiver,  RR,  represented  on  the  air  pump  plate,  is  one  which  1  nsuolly 
(mptoy  ID  exhibiting  the  artificial  aurora  borcalts.     The  sliding  wire,  terminated 
by  a  ball,  enables  the  operator  to  vary  the  distance  through  which  thi    ~ 
la  are  induced. 


le  electrical 


Experiiaaiial  Itlaitratioiu  of  At  EUutic  Reaetii 
n.  Mr  oea^ymg  a  jtooU  Portion  of  a  Canily,  rar^fial 


fHima  aaUie 


•from  Its  eloalicily,  as  that  pi 

71.  Distention  ef  a  Caoatcli- 


IMPONDERABLE  SUBSTANCES. 

Tbe  mode  in  whicb  the  lir  occupying  but  a  mnall 
pnct  of  a  vessel  may  bn  rarsfied  so  ua  to  lill  the  whold 
cavity,  is  shown  by  tbe  experimeni  reptDsented  in  tha 
annexed  engmvini;,  A  bliidiler  is  bo  suspended  wilhia 
a  Toasel  included  in  t  receiver,  is  that  the  cavity  of 
)bo  bladder  coDimunicates  througb  itn  onn  neck  and 
ihit  of  the  veisel,  with  the  cavity  of  the  receiver; 
while  no  Bueh  caaimunication  exists  between  the  re- 
ceiver and  the  apace  between  tlie  bladder  sod  the  ia- 

Thinga  beiuff  thus  sltualed,  and  the  reeaiver  ex- 
hausted, tbe  bladdor  eoatracta  in  consequence  of  th« 
removal  of  air  from  within  it,  proportiunably  with  Iba 
eihaustiun  of  the  receiver ;  tot,  as  tha  air  between  tbo 
outside  of  tlie  bladder,  and  the  inside  of  the  vessel,  ia 
no  longer  resisted,  within  the  bladder,  by  sir  of  tiia 
aaine  density,  it  expands  into  (he  spiu^e  which  ths 
bladder  had  occupied,  so  as  to  reduce  it  into  a  jvif 
narrow  compass. 

This  cannot  excite  suqirise,  when  it  is  reoollectoi 
that  the  sir,  confined  between  the  outside  of  the  blad- 
:B3el,  had  previously  to  the  eibauslion  been  condensed 

iphoric  preaaurB,  and  must  of  couraa  enlarge  itaelf 


Bag  by  Uit  Rarefaction  of  confined  Mr. 

The  power  of  any  included  portion  of  aii  to  ex- 
tend ilacif  in  conHequence  of  a  removal  of  preasiirfl,  ' 
is  illuatratod  in  another  way,  by  subjectm^  to  m. 
higbiy  rarefied  medium  a  gum  elastic  bag,  its  oii- 
fice  being  previously  closed,  so  as  to  be  air-light. 
The  bag  will  swell  up  in  a  most  striking  manner, 
in  proportion  to  the  diminution  of  power  in  the  air 
without  the  bog  U>  counteract  the  reaction  of  the 
air  within  it. 

The  experiment  is  reversed  by  subjecting  ft  bag, 
white  inflated,  to  the  influence  of  a  oondenaer,  by 
wliich  it  may  be  reduced  in  size  more  than  it  hu 
be«n  expanded ;  the  nir  within  the  rocoiver  boinf  i 
rendered  denser  than  without.  I 

In  the  adjoining  cut,  the  gum  eUalic  bag  is  repra- 
sented  as  wbeo  inflated.  The  glass  represented  tw- 
low  tjio  bag,  ia  one  which  happened  to  be  used  a*  a, 
support  when  the  drawing  was  luade. 


73.  Exjmiaion  of  a  Hquid  by  A»  Jtartfactim  of  Mr. 

A  flask,  half  full  of  water,  is  inverted  in  anotlior  ves- 
sel, having  somo  water  at  the  bottom,  and  both  are 
placed,  uniler  a  boll  glass,  on  the  plate  of  an  air  pump. 
As  the  betl  is  exhausted  by  ttie  action  of  the  puinp,  the 
air  included  in  the  flask  enlarges  ila  bulk,  finally  oc- 
the  whole  cavity,  and  partially  escaping  from 


rises  into  the  flask,  i 
more  apace  than  at  first,  as  the  i 
sequence  of  a  portion  having 
tioned. 


I  the  lower  venel. 
to  re- enter  the  boU, 
I  to  occupy  ■■  muoh 


"""n 


i 


73.  .«(ino*;iimV:  Prantre  im  Oie  Hand. 
If,  u  repieiented  in  thjii  liEuie,  Ihe  oir  be 
haiuted  from  u  VEseat  covereaby  tho  hnnd.  ih 
mofal  will  bo  fount!  almoal  impmcticablB:  Tor, 
poaing  Ibo  opening  which  the  band  closeB  li 
equnJ  te  five  cquire  incheit,  Ihe  prewnre  on  il 
be  sevenlj-five  poanda. 


74.  Bladder  mptxred  by  the  IfciglU  of  the  ^tvuupbera. 


When 

»*iicfat  I 

lUniand 


ilmlder  be  alrelched  and  lied,Bi 

tiglit  joncturo.     For  every  square  inefi  of  ils  aupet- 

ficiea,  (ho  bliddor  ijiiu  covering  Uie  ojjening  in  the 

vessel  Euatsina  a  pressure  of  sboul  lii  poundi.     Yt't 

this  is  productive  of  no  porceptibiooSect;  becnuaothe 

almusphere  preisea  upwards  agninat  tbe  loRcr  Bur- 

fopo  of  the  bladder,  aa  much  as  downwards  upon  tin 

upper  surface.    But  if  the  vosBel  be  placed  upon 

the  plate  of  on  air  pump,  so  that,  by  exhaustion,  tbe 

_  ,..     _.     downwards  be  no  lunger  cuunteraclcd  by  its  preesare  up- 

UMdeT  will  bo  exccsaively  slroitied,  and  usually  turn  into  piocea, 

le  bladder  is  too  lUong  to  be  broken  by  the  uuuwisUid  weij^t  of  the  air, 

DTD  wilb  the  point  of  a  penknife  will  cauae  it  to  be  ruptured,  nut  only 

.  score  is  made,  but  In  various  other  parts,  so  that  it  will  be,  at  tiinea,  torn 

from  off  tbe  veaael. 


75.  Tkt  BimupktTtt  ^f  Otho  Ouerickt,  ike  cclebrattd  Inventor  of  the  Air  Pitmp. 

Two  brass  hemispberes  arc 
so  ground  to  fit  each  other  at 
their  rims,  as  to  form  an  air 
tight  sphere  when  duly  united. 
I.  Ws^     Ono  of  the  hemispheies  is  fiir- 
"^^^"~    nisbod  wilb  a  oocli,  on  which 
ia  a  screw  for  attaching  the 
whole  to  the  nir  pump.    Being 
bjlhaaa  means  exhausted,  the  cuck  cloacd,  and  the  rin^,  H,  screwed  on  to  the 
uck,  greal  force  must  be  eiorled  by  perbollB  severally  taking  held  of  the  rings,  bo- 


(ort  tbe  hcmiaphere. 


separated. 


7U.  Buttic  broken  by  Eihaustiun  of  tic  ^tr  from 
within. 

Proof  tliat  a  sijuarc  glait  bottle  may  be  broken  bp 
atmo^htric  /rrrssiire  on  the  outside,  aa  soon  an  U 
ceata  to  be  covnterattcd  by  tic  Tisistancc  qf  the  air 

The  moutli  of  a  square  bottle  being  placed  over 
the  hole  in  an  air  punip  plate,  eo  an  to  be  sufh- 
cieatly  light  for  exhaustion,  a  few  strokes  of  Lhe 
air  pump,  by  withdrawing  the  olr  from  the  inte- 
rior, causes  the  bottle  to  tie  crushed. 

A  stout  globular  glass  vessel,  with  an  aperture 
at  top,  ia  placed  over  the  bottle,  to  secure  Ihe  spec- 
latots  Irum  tlie  fragments. 


nlrONDERAIlLE  SUBSTAl 


Tke  claiiU  rratlion  nj  the  uir,  cot^itud  isitAii  » 
aqimre  boUte,  mil  hurst  it,  as  soon  at  Tttia>ed  frat 
the  eoanteracting  aeight  of  the  atmetpka^ 

If  a  diin  «qn&re  bottle,  ■□  aealFd  that  while  nn- 
broken  the  coDbtined  ur  onnot  earape,  be  pltc«4 
within  Itio  receiver  or  an  air  pump,  ths  cxhatutioo 
of  Iha    receiver   will,  hj  remoTing  (he    prewuw 


B,  fig.  I ,  is  a  hollow  glass  cybndcr,  aimot  33  inches  in  heighl,  i . 

diameter,  into  the  upper  end  of  wbich  a  brasa  galkiwa  screw,  G,  is  eemsnted ;  to 
that  br  means  of  tho  fleiiblB  pipe  commumcaEing  with  the  ail  pmup  plate.  A,  the 
cylinder  may  be  oihauated.  The  moiilh  of  the  cylinder  being  immorBed  in  mer- 
cury in  the  vase,  the  metal,  ai  the  e^thauation  proceeds,  rises  tn  the  cylinder,  until 
it  reaches  more  or  leas  nearly  to  the  height  at  which  it  stands  in  a  Torriceilian 
tobe,  accotdingly  a>  the  pump  'a  inoie  oi  leaa  perfect. 

Pi«.3. 
Fie.  1. 


u  tlkat  which  u 


79.  Baromilric  Coltmin  of  MtrniT^  lexeTtd  by  EiJiauatimi. 

h  his  been  thown  Ibat  in  n  tube  toliI  of  air,  ■  rnercuriB.1  column  may  be  sup- 
Hrted  at  the  height  nsuly  of  thirty  inches;  and  this  has  been  alleged  to  reault 
fram  the  preoure  of  the  (itmo9|>liere  on  the  aurface  of  the  mercury  on  the  outaide 
of  the  tube. 

Id  order  to  ToriJy  ihU  allegBlion,  let  a  tube,  6g.  2,  aupporting  within  it  a  column 
■rf'marcury,  be  placed  under  a  coinpolent  receiver  upon  the  air  pump  plate. 

It  trill  be  found  that,  as  the  air  '\a  withdrawn  from  the  receiver,  the  mercury  in 
ibe  tube  will  ■ubside,  and,  if  the  eihination  be  carried  for  enough,  will  aink  to  ■ 
Icrel  with  Uio  mercnr^  ou  the  outside. 

If,  while  Ihia  eiponmrnt  it  performing,  a  communication  oilat  between  the  air 
puoip  and  the  cylinder.  R,  employed  in  the  preceding  eiperimenl,  the  mercury  will 
nK  in  the  cylinder,  while  it  fulls  in  the  tubei  thus  proving  that  the  three  which  ie 
iMjuired  to  remove  the  air  from  the  outildo  of  the  lube  and  lower  the  mercury 
adocjnnte  to  raiae  in  the  cylinder  a  mercurial  column  equal  in  height 
la  reduced. 


8/}.  0/l\e  Baretneler  Gauge. 

While  I  am  upon  the  fubject  of  atmogpheric 
pressure.  It  appcara  to  me  expedient  to  give  a  de- 
scription of  an  initrument  which,  in  several  of  my 
illuslrations,  is  employed  to  oaccrtiiia  the  quantity 
of  air  within  a  recoivot. 

It  consists  of  n  barometer  tube,  33  inches  in 
height,  supported  in  a  vertical  [loiiltion  by  a  pa- 
deelal,  and  a  etripof  wood,  G  G.  Allachcd  to  the 
hlter  is  a  brsas  acalc,  hy  which  30  inahea  is  di- 
vided into  50(1  equal  ports.  The  gauge  tube  ia  aur- 
mounted  by  g.  ferrule  and  gollowa  icrew,  by  the 
aid  of  which  a  flexible  leaden  pipe,  P,  communi- 
cates with  the  bore  of  the  tube.  By  means  of  the 
ind  gallows  screw  at  V.  this  pipe  may 


pond   the 


red,  the 


e  cock  enabling  us  to  ana- 
ion   vi<hen   deiirable.    The 
>rifice  of  ihc  gloss  lube,  T,  is  covered  by 
nmrcury  in  a  brood  eh  olio  w  receptacle,  D.     Sup- 

Ecaing  the  cavity,  under  these  circuniatancea,  to 
e   eitlinuatcd.  and   the  communication  with  Iho 
bore  of  the  glass  lube  open,  tlie  extent  of  the  ex- 
haustion, or,  in  other  words,  the  quantity  of  air 
withdrawn,  will  be  exactly  in  proportioti  to  the 
rise  of  tfae  mercury  aj  indicated  by  Iho  scale ;  and 
consequently,  reversing  the  operation,  the  fall  of 
tho  mercury,  as  indicated  by  the  acole,  will  show 
the  quantity  ol'  air  which  may  he  introduced.     If 
we  count  the  degrees  npwarda  from  the  surface  of 
the  mercury  in  the  receptacle,  D,  their  numlier 
,  will  show  the  quantity  of  air  withdrawn.     If  we 
oount  the  degrees  downwards  from  the  level  of  the 
■  top  of  tho  mercurial  column  in  the  baromelec,  the 
e  number  will  indicate  the  exact  quantity  of  gas  in 
vity  oiamined.     In  short,  the  quantity  taken 
,    ir  introduced,   is   always   measured  "by   (he 
_  .  IT  of  degreoa  which  the  mercury  rises  or  falls  in  consequence.     It  is  prefera- 
Ua  ta  have  two  scalea,  one  beginning  above,  the  other  below. 

TTlia  fangs  may  be  ei 
aalr  laquirei  accuracy  ii 

laiheut^er  level.  As  the  beightofthe  mercurial  column  in  in 
with  tnoM  changes  of  atmospheric  pressure  which  it  is  employed 
fblf,  in  aoontiug  downwards,  care  must  be  taken  to  place  llie 
tba  «w)e  on  a  level  with  tlie  upper  end  of  a  column  of  mercury  in  a  good  barome- 
IB.  at  lh«  lime.  To  facilitate  this  adjustment,  I  have  occasionally  placed  a  Torri- 
mIIIm  Inbo  hy  tho  side  of  the  gauge  tube.    Tho  top  of  Iho  column  of  tho  mercury 


r 


IMPONDERABLE  SUBSTANCES. 


in  Iho  ToniCBllian  tube  ia  then  the  nrope 

wood  to  which  the  scilo  is  attnchod  alid 

filed  at  n,  proper  i.jighl  by  n  «ot  scrBw." 

As  tliD  air  pump  wil!  nol  produce  a  poi 

jraA  lo  be  substituted  should  be  introducci 

Tho  rise  of 
cle.  D,  will 


L 


lum,  it  ia  necemry,  in  ordnt  to 
r,  that  successiTo  iHirlions  of  thB     ' 
unved  by  enhauslion.t 
Jioquuntil 
broadth  o1 
and  the  doscent  of  tho  mercurial  surface  in  it  so  inconsiderable,  tbst  oo 
worthy  of  attention  ia  Ihna  produced. 
It  is  proper  lu  mention  that  the  cavity  of  Iho  tubs  ought  to  be  ao  small  in  propor- 
■ orthy  of  attention. 


tion  to  that  of  the  receivor, 


Tho  proceas  by  which  the  water  ia  drawn  into  the  chamber  is  the  seme  in 
case  of  the  forcing  as  In  that  of  the  lidin^  pump.  In  the  tilting  pump,  L.  the  water 
which  haa  entered  the  chamber  durinff  the  ascent  of  [he  piston,  pasaea  through  the 
piston  during  its  descent,  and  is  lifted  by  it  when  tho  motion  is  reveraod.  In  the 
forcine  pump.  F,  the  piston,  being  imporfonile,  forces,  in  descending,  the  w«t«r 
into  tne  adjoining  air  veaael,  A,  whonCD  its  rcgrcas  is  prevented  by  a  tbIvc,  V 
The  etioke  being-  repeated,  the  water  accumulates  in  the  air  veaael,  comprea«in| 
the  contained  sir,  until  it  reacts  upon  tho  water  with  aufficient  force  to  causa  tJ 
emiwrion  of  this  liquid  through  the  jet  pipe,  J  J,  cammonaurate  with  the  supply. 


'  Itolh  the  gauge  lube  and  the  rod,  Ft,  ehoiild  be  longer  than  they  i 
in  the  figure. 

I  One  gas  may  be  employed  to  wash  another  out  of  a  cavity,  in 
gant  to  that  in  which  water  may  wash  out  alcohol,  or  alcohol  water. 


re  reprsHiilei 
I  mods  analo-  I 

7J 


CALORIC. 


79 


Of  Coniensation. 
Tt  hubeiD  ihawn  that,  in  com 
of  Ihii  fluiil,  ID  my  close  Tadsol,  may  be  liiminiBlied  unlif  Ihc  reiidual  portion  hu, 
bj  the  action  of  the  nir  pump,  become  loo  rare  lo  escape  in  opposition  to  the  very 
■Hghl  remiitaocc  made  by  the  val»ei).  It  remains  lo  show  thiit.  in  consflquence  of 
Iha  Mme  properljs  by  an  operation  Ihe  converao  of  tbst  of  the  air  pump,  the  >ir  in 
any  adMuate  raesel  may  be  mada  maoy  timee  more  dense  than  it  would  lemaia  if 
UbenUd&om  confinement. 

82    Of  lie  CoTulmstr. 
The  instrument  eiuployed  fur  Iho  purpoaa  of  cDtidenaing  air  i>  ciJled  ■  eon- 
Jen  ler. 
The  lit  pump  was  illustrated  by  its  anslop'y  wiUi  the  niction  pump.    There  ii 
jQe  analogy  betweea  the  condenser  ancT  the  forcing  pump.     In  the  air  pump, 
live  between  the  chamber  and  receirer  opens  towards  Ihe  chamber;  in  the 
n  of  the  condenser  a  corresponding  rolve  opens  towards  the  receiver, 
"luidei  the  valTe  thus  placed  between  the  chamber  and  receiver,  lliere  is  in 
ti  pomp  another  valve.    In  the  air  pump,  the  air  passes  tiiis  second  tkIvo  only 
>n  the  pialnn  maves  so  as  to  lesson  the  vacancy  between  it  and  the  bottom  of 
I  chamber;  in  the  condenser,  the  air  passes  only  when  the  piston  moves  so  as  to 
)  the  vacanoy.     In  other  reapects  these  machines  are  so  much  alike,  that 
e  mipht  he  used  for  the  other.     In   my  o^perimentsl  illDStrafions,  I  ahall 
1  lo  employ  insltuments  which   serve  cither  to  exhaust  or  to  con- 
ling  to  the  aperture  selected  fur  making  a  communication  with  the 


nts  the  condenser.  It  coniisti  of  ■ 
cylinder,  A  A,  ground  internally,  so 
US  lo  be  perfectly  cylindrical.  Into  this 
a  piatoo,  B,  is  fitted  by  manils  of  oiled 
leathers  packed  between  screws,  repre- 
sented in  the  figure,  and  turned  in  the 
lathe,  so  aa  lo  enter  the  chamber  in  obe- 
dience to  considerable  force.  At  the  lower 
end  of  the  rod,  u  perforation,  C  C,  may 
be  seen,  which  commences  at  the  lower 
extremity,  rises  vertically  until  it  gels 
above  the  packing,  and  then  passes  oat 
at  right  angles  to  its  previous  direction 
through  the  rod  of  the  piston.  Just  above 
whore  it  commences,  a  cavity.  D,  i 
obiorved.  which  isleflfor  the  uppci 

is  formed  of  a  strip  of  o: 
other  tied  over  n  broas  knob  represented 
ithin  the  cavity. 

The  upper  and  lower  valves  are  exactly 
liki>:  hence,  a  good  ides,  of  either  may 
o  cihtained  Irom  (ig.  S,  which  aSbrds  a 
■e  view  of  the  lower  valve, 
action  of  the  condenser  is  as  fol- 
lows. When  the  piston  is  drawn  up,  all 
lis'i  '^°  ''"  ^'^"^  '^^  cli^mber  gets  below  the 
'^1,'  packing  tbroDgh  the  perforation,  C  C,  and 
the  upper  valve,  which  opens  downwards 
with  ease  so  as  to  afford  a  passage.  When 
the  piston  descends,  the  air  included  in 
the  chamber  cannot  got  by  the  leather 
t  the  same  time  ahiits  bo  as  to  prevent  it  from  getting 
It  has  therefore  to  proceed  through  the  lower  per- 
ig  drawn  up  again,  the  volve  at  E  shuts  and  prevents 
while  the  air  rf'  the  chamber  again  gels  below  the  pto- 
rhuB,  at  every  stroke,  the  conlenU  of  the  chamber  are  . 
valve,  while  its^ratiocession  from  any  receivBr  into 


Thei 


lirongh  the  perfc 

^nJaaa,  B.  The  piston  bei 
ntoni  of  the  air  expelled, 
a  a  in  the  first  instance. 
'largcd  through  the  lower 


irlucbi 


'  valve,  ¥.. 
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itHj-ofairintho  VBmiGlii 


ildBCend  fnrllier, 


83.  /njSiience  of  Preanre  art  the  Bulk  of  Air,  and  of  ill  DauUy  ™  lU  Raittancc. 

Mr  laieiu  in  bulk  at  the  prissuTe  mkiih  il  ruilaini  atigvuHls;  and  the  Ttrialanee 
ttnting  from  its  doMtidty  u  attgmenttil,  as  the  pianitt^  cor^fi-ned  in  the  sttm^  space  tM 
incrtand,  or  the  ant^iting  space  diminished- 

For  Ihe  illiutmtion  of  thji  propositioa,  I  lure  deviBcd  llio  apparatus  represented 


nthei 


..vin^. 


ir.lifflil  rreael,  A,  through  the  tube,  TT,  < 


If  merqnry  bo  poured  ii 
pnaaoB  perpendicularly  intn  tnis  vessel  umii  ii  tnucnei  me  Dotiom;  u 
the  veBtel  oannDt  eacitpe,  il  is  graduKltj  reducud  in  bulk,  but  at  tlie  rai 
acta  upun  the  aurface  of  the  metallic  liquid  with  a  force  which  becom 
in  proportion  as  its  bulk  is  lowencd.    Hetico  in  increaaine  mercurial  c 
be  upheld,  which  by  its  height  iadiotos  the  reaiitanco.    Whan  the  air  in  tho  venel 
haa  been  reducrd  lo  hair  ila  preTioue  bulk,  the  height  of  Ihe  mercury  in  the  tuba      | 
will  be  about  30  inches,  or  eitun!  to  that  of  the  mercur;  in  Ihe  baiunieter  at  tha     J 
lime  of  pcrformine  tho  experiment.     Thus  il  is  ahown,  that  wtien  air  is  condensed      I 
into  half  the  space  which  il  occupies  under  tha  pressure  of  the  atmosphere,  its  re-      , 
Bctire  power  la  doubled,  being  ndec|nate  to  aupporl  a  column  of  mercury  equal  to 
the  pressure  of  UiD  atmosphere,  in  additioa  to  thnt  prBsaure.     It  folltrws  that  tha 
quBotitf  of  air  occupying  any  space  is  aa  tho  compreaalng  force,  and  is  always  I* 
Uiat  of  on  equal  bulk  of  Iho  atmaaphcn:,  as  the  height  of  the  column  of  morcurf      J 
which  it  can  support  in  a  Torricclliiin  lube  is  to  the  height  of  the  mercury  in  Ih*      ^ 
barometer:   and  likewise,  that  the   resistance  of  included   air  increases  with  tJiB 
diroiuution  of  the  space  allotted  to  iti  or,  vice  reraa,  thai  Ihe  space  which  Iha 
■tme  poiiion  of  air  is  capable  of  occupying,   lessons  oa  the  compreaiing  fores 


It  remains  lo  bo  shown  (hat  the  resistance  of  air  to  compression  increases  as  th« 
juantily  in  any  space  increases. 

If,  by  means  of  the  condenser,  V.  (iho  yalre  cock,  r  c,  and  the  cock,  e,  beinv 
open,)  air  be  injected  into  the  vossela,  A  and  B  at  the  same  time,  il  will  be  found 
that  the  liquid  in  tho  raae,  V,  will  mount  into  tho  flask,  F,  and  that  when  the  proa- 
aure  la  adequate  lo  cause  the  air  in  thia  to  be  reduced  to  half  its  previous  volume, 
the  mercury  in  the  tube,  TT,  will  have  the  same  height  as  in  the  previous  eiperi- 
roent;  because  the  density  of  the  air,  and  of  course  lis  quuuUlj  and  reactive  power, 
■re  doubled  in  one  caae  no  less  than  in  UiB  other. 

The  communication  between  the  condenser  and  the  receiver,  A,  ia  Buapended 
during  the  firal  mentioned  eiperimont,  by  cloaing  the  valve  cock,  B  e,  Thia  cock 
ia  opened  during  Uie  action  or  the  condenaer  in  Uie  second  experiment;  and  like- 
wise another  cock  at  e,  which  serves  to  intorcapt  the  oommunicalion  between  the 
condenser  and  the  receiver,  B. 

See  Appendix  for  an  engraving,  and  doacription  of  the  valve  cock  employed  in 
Ihii,  and  many  other  of  my  Giporiments  requiring  that  there  abtil  be  no  leakage. 

of  the  Lungs  in  Respiralion  illuitraled. 
1  rarefies  tho  air  within  the  cavity  of  Iho  thorax. 
LC  preasure  not  being  adequately  rcsisled,  the  external 
'  ito  tho  lungs,  dilating  all  the  colla.  The  deprea- 
lent  diminution  of  the  cavity  causa  the  air  which 
nt  portion,  to  flow  out.  For  ihe  Uluatralion  of  iho 
>nlrived  the  apparatus  represented  in  the  next  page. 
iflce,  O,  is  placed  in  a  globe  containing  water,  so 
ceiver  are  occupied  by  thia  liquid,  the  remainder 
D  suspended  from  the  orifice  as  nut  to  touch  Ihs 


air  ruahca  through  Ihe  trachea 
uon  of  Iho  sternum  and  conseoi 
had  thus  entered,  or  an  equivale 


The  atmosphere  has  ac 
through  the  orifice  U  of  tt 
of  Ihe  bladder  and  tho  inai 

It  may  bi 


o  the 


its  neck,  and 
1  Ihe  outaida 

I  of  the  preceding  experiments,  (32, 
ntily  ofair,  ia  iiiveraely  oa  Ihe  con- 
'  space  leaseni, 

a  ia,  enlarged,  Ibe  detuily 


oflhe  contaiDed  tit  la  propoilioiiBbly  dimiuiihed.  When  any  cavity  is  diminbhed, 
tb«  deniil;  of  the  uir  la  praportionibly  incrooeed.  But  if  the  utmrapherc,  mean- 
vbile.  bave  access  to  tho  cuTity,  it  nill  by  its  influx  or  effiux  tend  to  preiervo  tho 
CqailibriDm  of  deasity  and  preaeure  between  tho  aii  of  tlie  cavity  and  tho  eiteniBl 
Dwdinm.  Theae  conocquencea  uro  well  known  lo  anaiio,  Troni  an  oltemate  enlarge- 
ment and  diminutian  of  capacity,  during;  the  working  of  an  air  pump,  a  condeiiMr, 


\«|i||||L||d||^^ 


1b  like  maonisT  (be  elevation  of  Ihe  receiver,  R,  enlarging  the  cavity  within  it 
qnoccupied  by  water,  caaso«  the  air  to  rush  in  through  llio  urJUcD,  O  ;  and  tlie  re- 
ninBl  of  the  motion,  reducing  tho  cavity,  causes  the  air  lo  rush  out  Ibrougli  the 
MM  aperture.  The  bladder  la  so  sitDited  as  to  lecsive  all  the  air  Dial  ontora,  and 
I*  npfly  all  lliat  ie  eipolled.  Hence  when  the  receiver  ia  lijlod,  the  bladder  is 
iiltiM,  and  when  lowered  to  its  previous  position,  the  bladder  resuinea  its  ori- 
^Bil  dimensioiu. 

Bipporing  the  qiace.  A,  between  the  outside  of  tlie  bladder  and  the  instdo  of 
AdMeiveT,  lo  repieoent  the  space  between  tho  outside  of  the  lungB  and  tlio  inside 
•f  thi  tborax,  the  cavity  of  the  bladder  representing  the  cayitiea  of  the  lun^,  and 
Ika  orifice,  O,  perfonmng  the  part  of  Ibo  trachea  and  nostrils,  the  eiplanstiun, 
•tore  givoD,  will  be  as  applicable  to  the  apparatus  by  which  n"  ' ' 

bmlhe,  aa  to  that  employed  in  tlie  preceding  illustration. 


-e  enablee  d 


EXPANSION  OF  ELASTIC  FLUIDS. 

Having  by  means  of  the  preceding  digression  explained 
ibe  nature  and  extent  of  atinos|)lieric  pressure,  I  shall 
proceed  to  show  the  important  influence  exercised  by  it 
in  all  chemical  processes  in  which  elastic  fluids  are  con- 
cerued. 

It  has  been  demonstrated  (57)  in  illustrating  the  prin- 
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ciple  of  Sanctorio^s  thermometer,  that  the  bulk  of  the  air 
in  any  space  varies  with  the  temperature. 

It  has  been  shown  (70,  72,  83,)  tliat  the  same  effect 
may  be  produced  by  variations  in  atmospheric  pressure* 

It  follows  that  the  volume  of  elastic  fluids  is  inversely 
as  the  pressure  and  directly  as  the  heat.  In  other  words^ 
the  less  the  pressure  and  the  greater  the  heat,  the  larger 
their  bulk ;  and  vice  versa,  the  less  the  heat,  and  the  great- 
er the  pressure,  the  less  their  bulk. 

Agreeably  ta  the  observations  of  Dalton,  Gray-Lussac,  and  Crichton, 
1000  parts  of  atmospheric  air,  in  rising  from  the  temperature  of  82®  to  212% 
will  expand  so  as  to  measure  1375  parts  nearly,  or  ^^^th  of  the  bulk 
which  it  would  have  at  32°,  for  each  degree  of  h^i  which  it  may  receive. 

Having,  therefore,  any  given  bulk  of  dry  air,  100  cubic  inches  for  in- 
stance at  60°,  to  fmd  its  bulk  at  any  other  temperature,  suppose  at  80% 
we  must  in  the  first  place  consider  that  480  parts  at  32°  would  at  60*, 
adding  one  part  for  every  degree  above  32°^  be  508  parts ;  and  would  by 
a  proportionate  increase,  become  at  80°,  528  parts.  But  if  508  parts  at 
60°  become  528  at  80%  what  will  100  parts  at  60°  gain  by  being  heated 
to  80% 

508   :  528  :  :  100  :  103.9 

It  has  been  inferred  by  the  same  distinguished  philosopheis,  that  all 
aeriform  substances,  whether  gases  or  vapours,  are  expanded  by  heat  at 
the  same  rate  as  dry  atmospheric  air,  if  they  be  not  in  contact  ¥dth  any 
vaporizable  matter,  in  the  liquid  or  solid  state,  which  by  vaporizing  or 
condensing  may  vary  the  result. 

Theory  of  Expansion. 

The  expansion  of  matter,  whether  solid,  liquid,  or  aeriform,  by  an  in- 
crease of  temperature,'  may  be  thus  explained. 

In  proportion  as  the  temperature  within  any  space  is  raised,  there  will 
be  more  caloric  in  the  vicinity  of  the  particles  of  any  mass  contained  in 
the  space.  The  more  caloric  in  the  vicinity  of  the  particles,  the  more  of 
it  will  combine  with  them ;  and  in  proportion  to  the  quantity  of  caloric 
thus  combined,  will  they  be  actuated  by  that  reciprocally  repellent  powQr> 
which,  in  proportion  to  its  intensity,  regulates  their  distance  ftom  eadtl 
other. 

There  may  be  some  analogy  between  the  mode  in  which  each  pondera- 
ble atom  is  surrounded  by  the  caloric  which  it  attracts,  and  that  in  which 
the  earth  is  surrounded  by  the  atmosphere;  and  as  in  the  latter  case,  so 
probably  in  the  former,  the  density  is  inversely  as  the  square  of  *the  dis- 
tance. 

At  a  height  at  which  the  atmospheric  pressure  does  not  exceed  a  grain 
to  the  square  inch,  suppose  it  to  be  doubled,  and  supported  at  that  in- 
creased pressure  by  a  supply  of  air  from  some  remote  region ;  is  it  not 
evident  that  a  condensation  would  ensue  in  all  the  inferior  strata  of  the 
atmosphere,  until  the  pressure  would  be  doubled  throughout,  so  as  to  be- 
come at  the  terrestrial  surface,  30  pounds,  instead  of  the  present  pressure 
of  15  pounds?  Yet  the  pressure  at  the  point  from  which  the  change  would 
be  propagated  would  not  exceed  two  grains  per  square  inch. 


In  like  manner,  il  may  be  presumed  thai  the  almospheres  of  caloric 
are  increased  in  quantity  and  density  about  their  respective  atoms,  by  a 
"  ' "  '  e  it)  the  colorific  tension  of  the  eslemal  medium. 


Demonslraiion  that  Atmospheric  Pressure  opposes  and  limits 
Chemical  Action,  where  Elastic  Fluids  are  lo  be  generated 
or  evolved. 

Of  Vaporization. 

Water  would  boil  at  a  loM'cr  temperature  than  212°,  if 

the  atmospheric  pressure  was  lessened;  for  wlien  it  has 

ceased  to  boil  in  the  open  air,  it  will  begin  to  boil  again 

_  in  an  exhausted  receiver.    Those  who 

ascend  mountains  find  that  for  every 

530  feet  of  elevation,  the  boihng  point 

is  lowered  one  degree  of  Fahrenheit's 

thermometer.     It  is,  in  fact,  lowered  or 

raised  iWoth  of  a  degree  for  every  tenth 

of  an  inch  of  variation  in  the  height  of 

the  mercury  in  the  barometer. 

Ebullition  from  diminithed  Pressure. 

The  adjoining  figure  represents  a  vessel  of  water 
boiling  within  a  receiver,  in  consequence  of  the 
if  pressure  by  exhaustion. 


^C.  Culinary  Paradox. — EhvllMon  bp  Cold. 

A  matrass,  half  full  of  water,  being 
healed  until  all  the  contained  air  is  super- 
sederl  by  steam,  the  orifice  is  closed  so  as 
lo  be  perfectly  air-light.  The  malrosa  is 
then  supported  upon  its  neck,  in  an  in- 
verted position,  by  means  of  a  circular 
block  of  wood.  A  partial  condensation 
of  the  steam  soon  follows  from  the  re. 
frigeration  of  that  portion  of  the  glass 
which  is  not  in  contact  with  the  wator. 
The  pressure  of  the  stcnm  upon  the  liquid 
of  course  becomes  less,  and  its  boiling 
point  is  necessarily  lowered.  Hence  it 
begins  again  lo  present  all  the  phenomena 
of  ebullition,  nud  will  continue  boiling 
sometimes  for  nearly  an  hour. 

By  the  application  of  ice,  or  of  a  sponge 
soaked  in  cold  water,  the  ebullition  is  ac- 
celerated ;    because  the  aqueous  vapour 
which  opposes  it,  is  in  that  case  more  ra- 
the caloric  is  at  the  same  lime  more  rapidly  ab- 
by  the  increased  evolution  of  vapour  to  replace 
thai  which  is  condensed,  the  boiling  will  cease  ihe  sooner. 
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■  87.  Improeed  Apparatutfor  ahmting  the  Culinary  Paradox. 

H  This  figure  illustrates  a  new  and  inatruc. 

B  '  iMia^.^  live  niethoil  of  cllbcting  ebullition  by  colif. 

^B  -  ■EMh  "^^  apparalua  consists  principally  of  a 

^B  ^E^^V  glass  matrass,  with  a  neck  o!  about  tlirc« 

^^b  ^^^^^^    @  lecrt  in  length,  lapcring  to  no  orificGof  about 

^^^^^^     ^B^^  a  quarter  of  an  inch  in  diameter.    The  bulb 

^^^^^^L        H  is  bulged  inwards  in  the  part  directly  oppo> 

^^^^^^■j      I  site  the  neck,  so  as  lo  create  a  cavity  capa- 

^^^^^^^1      I  falc  of  holding  auy  matter  which  it  may  be 

^^^^^^H      I  desirable  lo  have  situated  therein.     In  addi- 

^^^^^^^B     I  tion  to  the  matrass,  a  receptacle  holding  k 

^^^^^^^H     ■  few  pounds  of  mercury  is  requisite.     Tiw 

^^^^^^^^       I  bulb  of  the  matrass  being  rather  less  than 

^^^^^^^^  hair  full  of  water,  and  this  being  healed  to 

^V  ebullition,  the  orifice  should  be  closed  by 

^H  the  linger,  defended  by  a  piece  of  gum^elaa- 

^K  tic,  and  depressed  below  the  surface  of  the 

^V  mercury ;  Ifte  whole  being  Bup]>orted  as  re- 

^1  presented  in  the  figure.     Under  these  cir- 

^V  cumstonccs,  the  piercury  rises  as  the  lem- 

■  SBa  perature  of  the  water  declines,  indicating  the 
consequent  diminution  of  pressure  within  the 
btilb.  Meanwhile,  the  decline  of  pressure 
lowering  the  boiling  point  of  the  water,  the 
ebullitioa  continues  till  the  mercury  riaes  in 

the  neck  nearly  to  the  height  of  the  mercury  in  the  barometer. 

By  introducing  into  the  cup  formed  by  the  bulging  of  the  bulb,  cold 
water,  alcohol,  ether,  or  ice,  the  refrigeration,  the  dimi 
and  the  ebullition,  are  all  simultaneously  accelerated; 
are  reciprocally  dependent  on  each  other. 


.  Experimental  Proof  that  so 
Aeriform,  if  Almogpher 


L 


te  Liquids  wovld  be  permanently 
:  Preaswe  mere  removed. 


The  power  of  sulphuric  ether  to  assume  in  vacuo^i 
at  ordinary  temperatures,  the  aeriform  state,  in  op— ^ 
position  even  to  the  pressure  of  a  column  of  mer— u 
cury,  may  be  shown  by  the  following  exporimenl.        ' 
A  glass  funnel  is  ground  to  fit  air-tight  into  tb^ 
neck  of  a  gloss  decanter,  so  that  the  stem  of  the  fun- 
nel may  reach  nearly  to  the  bottom  of  the  decanter, 
as  represented  in  the  adjoining  cut.     The  docanier 
is  filled  with  mercury,  with  the  exception  of  a  smaU 
portion  of  the  neck  which  is  occupied  by  ether.    The 
stem  of  the  (bnnel  is  then. introduced  into  the  neck  of 
the  decanter,  so  as  to  be  air-tight;  and  the  whola 
being  included  in  a  receiver,  the  air  is  withdrawn 
by  a  pump.     The  ether  converted  into  vapour  wi8 
force  the  mercury  to  rise  from  the  decanter,  throu^ 
the  stem,  into  the  wider  part  of  the  funnel. 
Rationale. — ^The  attraction  between  the  ponderable   particles  of  ths 
ler,  and  those  of  caloric,  can  be  indulged  only  in  opposition  to  the  n. 


Ily  lepulmve  power  of  the  latter;  since  one  tends  to  rarefy  the  ca- 
other  to  condense  it  into  the  limited  space  occupied  by  Ihe  ether, 
that  the  caloric  cannot  combine  with  the  ponderable  matter  be- 
ihe  point  at  which  the  repulsive  jwwer  becomes  equal  to  the  attrac- 
But  the  repulsion  exercised  by  the  same  number  of  particles  of  ca- 
'lotic  will  be  greater  as  the  space  is  less,  and  vice  versa.  The  larger, 
iherofore,  the  space  occupied  by  the  ponderable  particles  of  the  ether,  the 
more  caloric  may  combine  with  them,  without  rendering  its  reciprocally 
i^wlsJTC  power  paramount  to  its  attraction  for  them. 

The  removal  of  atmospheric  pressure,  by  allowing  the  ponderable  par- 

to  occupy  a  larger  space,  enables  them  to  combine  with  that  addi- 

quantity  of  caloric  which  is  necessary  lo  the  aeriform  state. 

This  explanation  may,  of  course,  be  cstended  to  the  ebullition  of  other 

Gquids  in  vacuo,  at  lemperntures  lower  than  those  at  which  they  boil  in 

the  air.     It  is  obviously  applicable  to  the  two  preceding  illustrations. 

89.  Boiling  PoiiU  elecated  by  Pressure. 

Into  a  small  glass  matrass,  with  a  bulb  of 
about  an  inch  and  a  half  in  diamcler  and  a 
nock  of  about  a  quarter  of  an  inch  in  bore, 
introduce  nearly  half  as  much  ether  as  would 
fill  it.  Closing  the  orifice  with  thu  thumb, 
hold  the  bulb  over  the  flame  of «  spirit  lamp, 
until  the  effort  of  the  generated  vapour  to  es- 
cape becomes  difficult  to  resist.  Removing 
the  matrass  to  a  distance  from  the  lamp,  lilt 
the  thumb  from  the  orifice.  The  ether^  pre- 
viously quiescent,  will  rise  up  in  a  foam, 
produced  by  the  rapid  extrication  of  its  va- 

This  experiment   may  be  performed  with 
.   less  risk,  by  plunging  the  motrass  in  hot  water, 
instead  of  heating  it  by  a  lamp. 


90.  Column  of  Mcrcuri/  raised  by  Vaporized 
Ether. 

An  increase  of  pressure  rcsulU  from  ebullition, 
icften  the  vapour  produced  by  it  is  confined. 

Having  supplied  a  small  flask  with  a  small  quan- 
tity of  mercury  and  a  minute  portion  of  sulphuric 
ether;  through  the  neck,  let  there  be  a  gloss  tube, 
so  introduced  and  firmly  luted,  as  that  it  may  bo 
concentric  with  the  vertical  axis  of  t^ie  vessel,  and 
extend  downwards  until  nearly  in  contact  with  tho 
bottom.  If  the  flask,  thus  prepared,  be  held  cau- 
tiously  over  a  spirit  lamp,  the  ether  will  be  more 
or  less  converted  into  vapour.  The  vapour  being 
unable  to  escape,  will  soon  cause  the  mercury  lo 
rise  to  the  top  of  the  tube.  On  the  removal  of  the 
lamp,  the  mercury  will  gradually  fall  to  its  previous 
situation. 
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91.  High  Pressure  Bailer. 

That  the  temperature  of  steam  increases  with  the  pressure,  may  be  dc' 
mandated  by  means  of  a  small  boiler ,  such  as  is  represented  in  the  op- 
posite  engraving. 

The  glass  tube  in  the  axis  passes  below  the  water  in  the  boiler,  and 
enters  a  small  quantity  of  mercury  at  the  bottom.  The  juncture  with  the 
tube  where  it  enters  the  boiler  is  made  perfectly  tight.  On  the  opposite 
side  of  the  boiler,  a  tube,  not  visible  in  the  engraving,  descends  into  it. 
This  tube  consists  of  about  two  inches  of  a  musket  barrel,  and  is  closed 
at  bottom.  The  object  of  it  is  to  contain  some  mercury,  into  which  the 
bulb  of  a  thermometer  may  be  plunged  for  ascertaining  the  temperature. 

When  the  fire  has  been  applied  during  a  sufficient  time,  the  mercury 
will  rise  in  the  glass  tube  so  as  to  be  visible  above  the  boiler ;  and  con- 
tinning  to  rise  during  the  application  of  the  fire,  it  will  be  found  that,  with 
every  sensible  increment  in  its  height,  there  will  be  a  corresponding  rise 
of  the  mercury  in  the  thermometer.  In  front  of  the  tube,  as  represented 
in  the  figure,  tjiere  may  be  observed  a  safety  valve  with  a  lever  and 
weight  for  regulating  the  pressure. 

It  has  been  fotUnd  that,  when  the  efibrt  made  by  the  steam  to  eqcape,  in 
opposition  to  the  valve  thus  loaded,  is  equal  to  about  fifteen  pounds  for 
every  square  inch  in  the  area  of  the  aperture,  the  height  of  the  column  of 
mercury,  C,  C,  raised  by  the  same  pressure,  is  about  equal  to  that  of  the 
column  of  this  metal,  usually  supported  by  atmospheric  pressure  in  the 
tube  of  a  barometer. 

Hence^the  boiler,  under  these  circumstances,  is  conceived  to  sustain  an 
unbalanced  pressure  equivalent  to  one  atmosphere;  and  for  every  additional 
fifteen  pounds  per  square  inch,  required  upon  the  safety  valve  to  restrain 
the  steam,  the  pressure  of  an  atmosphere  is  alleged  to  be  added. '  To  give 
to  steam  at  212  degrees,  or  the  boiling  point,  such  an  augmentation  of 
power,  a  rise  of  38  degrees  is  sufficient,  making  the  temperature  equal 
to  250  degrees.  To  produce  a  pressure  of  four  atmospheres  about  293 
degrees  would  be  necessary.  Eight  atmospheres  would  require  nearly 
343  degrees. 

When  by  means  of  the  cock  an  escape  of  steam  is  allowed,  a  corres- 
ponding decline  of  the  temperature  and  pressure  ensues. 

If  the  steam,  as  it  issues  from  the  pipe,  be  received  under  a  portion  of 
water  of  known  temperature  and  weight,  the  consequent  accession  of 
heat  is  surprisingly  great,  when  contrasted  with  the  accession  of  weight 
derived  from  the  same  source.  It  has  in  fact  been  ascertained  that  one 
measure  of  water,  converted  into  aqueous  vapour,  will,  by  its  condensa- 
tion, raise  about  ten  measures  of  wafer  in  the  liquid  form  one  hundred 
degrees. 


Of  the  Incompetency  of  a  Jet  of  High  Steam  to  scald  ai  a  certain 

Distance  from  the  Aperture. 

Much  attention  has  been  excited  by  the  observation,  that  the  hands  may 
be  enveloped  in  a  jet  of  vapour  from  a  high  pressure  boiler  without  incon- 
venience, at  a  certain  distance  from  the  aperture  through  which  it  es- 
capes. 


Hig/i  Preeture  Boiler, 


1 


92.  Experimental  Demonstration. 
The  fact  that  the  hand  may  be  immersed  without  injury 
ia  a  jet  of  steam  while  issuing  from  a  boiler,  if  not  loo 
near  the  aperture,  experimentally  demonstrated. 

Rationale. — Since  (he  lemperalure,  densiiy,  ami  pressure,  which  form 
ihe  disiinguUhing  artribules  of  high  steam,  cannot  be  sustained  without 
cooliDeaieiil,  sieam  ceases  to  be  high  tteam  as  soon  as  it  is  liberated. 
Consequently,  a  jet  from  a  high  pressure  boiler  is  essentially  no  more  than 
■  copious  jet  of  aqueous  vapour  at  the  heat  of  boiling  water. 

The  ooly  distinguishing  characteristic,  derived  from  its  previously  su- 
penor  temperature  and  density,  is  a  greater  velocity  of  efflus.  Without 
uy  superiority  of  lemperulurc,  the  high  pressure  jet  is  propelled  into  the 
■Imosphere  with  a  momentum,  which  cannot  be  given  to  low  steam. 
Hence  the  rapid  refrigeration  to  which  the  Ibrmor  is  subjected,  at  a  suf- 
6c)eDl  distance  from  the  place  of  its  effllux  to  admit  of  an  esiensivu  diflU- 
Mou  in  the  atmoepbere. 

Of  the  Steam  Engine. 

.  The  prinaplt  of  Harary't  Sltatn  Engine  itluilrattd. 


•  in  the  nracpcling  figuro  and  containing  a  nm&ll  quanlJly  of 
(o  the  flunc  of  s  lamp,  llie  walsr  by  bnilin^,  will  soon  fiJl 
I  Vfhnti  IhiB  ii  iicci>in|>Ii«li<!d,  bubbles  of  an  will  ceue  to 
I'  ibe  tnnlrBM  through  Uia  water  in  the  »a«o. 
tliiu  proparcil,  the  waleiof  IJie  rue,  on  removinff  the  lamp, 
ilie  vacaily  in  the  matraaa,  ariaing  from  Iho  cr"      ' 
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Of  Smarg't  Engine, 
The  celebrated  engine  uf  l^avary.  which  led  to  the  inveo 
men,  and  finally  to  Uie  almoal  perfect  machine  of  Boulton  a 
nntially  of  a  chamber  in  whiiiti  atea^n,  after  being  inlrodui 
mndeneed  by  n  Jet  of  cold  water,  us  in  the  eKperiiiicnt  above 
Jtut  befors  the  coodeneation  at  the  ateam,  the  cotnniuni 
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94.  Exploiine  Power  of  Stcain. 

ICa  small  glass  bnlb,  hermeiically  scaled  while 
coniaining  o  small  quanliiy  of  wnter,  be  suspend- 
ed by  n  iviro  over  a  lamp  flnnie,  an  explosion  soon 
follows,  with  a  violence  and  noise  whicb  are  sur- 
prising, when  contrasted  with  the  qiianiity  of 
water  by  which  lliey  are  occasioned. 

Rotionale. — Supposing  thai  the  bulb  were,  in 
the  first  instance,  merely  filled  with  steam,  with- 
out any  water  in  the  liquid  form,  (be  explanation 
of  this  phenomenon  would  be  comprised  in  the 
theory  of  expansion,  given,  page  82,  In  that 
case,  the  elTort  of  the  steam  to  enlarge  itself, 
would  be  nearly  in  direct  arithmetical  proporlion 
to  (he  lempcniniro ;  but  when  water  is  present  in 
the  liquid  form,  then,  while  the  expansive  power 
of  the  ateam,  previously  in  existence,  is  increased, 
mrirt'  sti-ain  is  generated  willi  a  like  increased  power  of  expansion.  It  fol- 
lows ihnt  the  increments  of  heat  being  in  arithmetical  proportion,  tlie 
explosive  power  of  the  confined  vapour  will  increase  geometrically,  being 
■dually  doubled  as  oRcn  as  the  temperature  is  augmented  98°.  See 
page  86. 

hiertiting  Experiments  jcitk  respect  to  conMraiaed  Vaporixation,  bp  M. 

Cagniard  Dc  La  Tour,  and  Mr.  Perkins. 

Agreeably  to  some  experiments  performed  by  M.  Cagniard  dc  la  Tour, 

in  which  liquids  were  exposed  to  heat  in  very  stout  lubes,  vaporization  was 

pertbnnGd  in  a  space  which  was  lo  that  previously  occupied, — 

f  Ether,  as  2  to  1,  producing  a  pressure  of  33  atmos- 
I         phcra. 
Alcohol,  as  3  tol,  producing  a  pressure  of  119  atmos- 

pbercs. 

Water,  as  4  to  1,  producing  a  pressure  greater  than 
L        Ihal  caused  by  the  alcohol. 

lit.  Perkin*  alleges  tlint  a  ■mull  iron  boiler  of  great  •trDnglh  iiAy  be 
1M  irhile  hoidiDg  a  portion  of  wiler,  and  that  i^  under  the«e  cjrcumi 
^■rtnre  be  opened  of!  of  an  inch  in  dittnieler,  the  alenra  will  not  oicap. 
ipm  a  reducUon  oflemppraturo,  it  will  rush  oat  with  great  violence. 

Il  na  inferred  that  Ihe  repuliioD  between  Ibc  oarlielcB  of  llis  caloric  in  union 
■illi  the  water,  and  tboie  in  union  n-ith  the  melallic  ring  bounding  the  aperlare, 
«i(  paiamonnt  to  tbe  preasaro  Icndini;  to  produce  the  expuliion  of  Oie  eteam. 

I  am  tiDable  to  reconcile  tbia  experiment  with  one  whJcb  t  porfbrmcd  b;  heatioe 
lo  incaDdeacence,  in  a  forge  lire,  a  tube  ofiton,  of  which  tile  bore  was  tesa  than] 
of  an  inch,  while ,  by  means  of  a  cock,  a  coinmunicalion  with  a  high  pressure  boiler 
waa  mode.  Under  these  circumBtonpef,  the  Bleam  was  not  provcnled  from  oaca- 
png  thioogh  the  pipe. 

It  appeals  to  bo  sufficientlj  proved  Dint  the  quantity  of  oatoric  combined  witli 
1  given  weight  of  Bleam  i»  alwayii  ibe  mnio,  whatever  may  be  its  temperature;  the 
•enaible  heat  increaaing  and  the  latent  heat  diminishing  ai  the  dcniilf  and  prenure 
■re  au^Qiontad. 

95.    CjW  and  Cloudairas  ariting  front  Rarffartim. 

Incipient  rarefaction   in  the  air  of  a  receiver  ia  usually  indicated   by  a  eland, 

■hicb  diaappearg  whon  the  cxiiauslion  ban  proceeded  beyond  a  certain  point.     A 

delicate  Ihennometcr  placed  in  the  receiver,  shows  Uiat  a  decline  of  lompenitiire 

I  thia  pbonomenon.     We  may,  Ihereforo,  infer  thnl  tho  cloud  u  X^ve* 
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conBetjucnco  of  rerripenlion.    If  llie  aaggeMioat  be  comet  which  wero  made  (cm 
page  92,  Theory  of  EipiingiDn]  respecting  the  mode  in  whiah  caloric  nxists  in  at- 
moaplieres  around  the  purlicleii  of  ponderable  matter,  it  will  not  be  difficult  to  un-     i 
deniland  vhy  aerifonn  fluids  should  ibaorb  more  caloric,  in  proportion  as  their  con-     I 
itituent  particles  are  enabled,  by  a  diminution  of  preasure,  to  became  more  remote. 
Hence,  by  rarefaction,  the  cnpacily  of  air  is  increasBd,  and  cold  is  produced,  which 
CondenMB  the  aqueous  vapour  until  its  aeniible  heat  is  resloied  by  an  acceadon  of    • 
"'■""'''"        """  ■  "  iinding  luedium.     See  arUcle  H8.  i 

96.  Cold  produced  by  the  Palm  Gluts. 

In  forming  the  bulbs  seTcrally  at  the  ends 
of  the  elan  lube  represented  iu  this  figure, 
one  is  furnished  with  a  perforated  projecting 
beak.  By  warming  (he  bulbs,  and  plunging 
the  oriflco  of  the  beak  into  ilcohol,  n  porlioQ 
of  this  llijuid  onten,  as  tho  ajr  within  ood- 
tracti  in  returning  to  its  previous  Icmpera- 
turo.  The  liquid,  thus  introduced,  is  to  ba 
boiled  in  tho  bulb  which  has  no  beak,  until 
the  whole  cavity  of  the  lube  and  of  both  bulbs, 
not  occupied  by  liquid  alcohol,  is  filled  villi 
its  steam  While  in  this  situation,  the  end  of 
the  beak  is  lobe  shortened  and  sealed,  by  sub- 
jooling  it  to  the  flame  eicilcd  by  a  blowpi 


IS  the  ii 


;  it  to  the  flame  eicilcd  by  a  blowpipe. 

the  steam  which  had  fllled  the  space, 

conaenses,  sjid,  with  the  cicepUon  ofa  slight 

nitted  by  liquids  when  relieved  from  almoi- 


L 


vacant  of  alcohol  in  the  liquid  Torn 
portion  of  vapour,  which  is  always 

The  iDslrument,  thus  formed,  haa  been  called  a  palm  glass;  because  the  pheno- 
menon which  it  Bihibits  is  seen  bv  grasping  one  of  the  bulbs,  so  as  to  bring  it 
completely  into  contact  with  the  palm  of  the  hand.  One  of  the  balbs  being  Uhh 
situated,  and  while  surcharged  with  the  alcohol,  and  held  in  the  position  represent* 
ed  in  Ihe  figure,  both  the  liquid  and  vapour  are  propelled  from  it  into  the  other 
bulb.  This  phenomenon  combines  the  characleriatics  of  Ihe  differential  therms, 
meter,  (60,)  with  those  of  the  culinary  paradox,  (86,)  being  the  joint  effect  of  tha 
Bipansion,  and  evolution  of  vapour,  in  one  part  of  the  apparatus,  and  its  con  traction 
and  condensation  in  another.  The  phenomena  are  precisely  similar,  whether  we 
warm  the  lower  bulb,  or  cool  tho  upper  one  by  means  of  ice.  The  motive  fo[  re- 
liquid  IS  forced  from  the  bulb  in  tlia  hand,  a  striking  sensation  of  eold  is  expe- 
rienced by  the  operator. 

This  cold  is  produced  by  the  increased  capacity  of  the  residual  vapour  for  caloiis 
in  consequence  of  its  attenuation.  Tho  analogy  is  evident  between  this  phenoms- 
non  and  llial  above  described,  as  taking  place  in  the  receiver  of  an  air  pomp;  both 
being  attributable  to  tho  increase  of  capacity  for  caloric,  resulting  from  a  (tiiniaa. 
tion  of  density, 

97-  Cold  corucquent  to  ReUaaliun  of  Praiure, 
Cold  is  produced  whether  a  diminution  of  density  arise  from  relieving  condeiwed 
air  from  compfession,  or  from  subjecting  air  of  tho  ordinary  density  to  rare&ctiOB. 
A  cloud  similar  to  that  which  haa  been  described  as  arising  in  a  receiver  paitiallj 
eihauated,  may  usually  be  observed  in  the  nock  of  a  bottle  recently  uncorked,  in 
which  a  quantity  of  gas  has  been  evolved  in  a  stale  of  condensation  by  a  fermeQlc 
ing  liquor. 


B9K 


Tlid  tpparatua  repreiented  in  the  an- 
neied  figure,  ahowa  the  influence  of 
Tolajted  pressure  on  the  CBpocily  of  ait 
for  hetl  and  moisture. 

A  elnsa  Tcssel  with  a  tubniure  nnd  a. 

air  liglil  by  means  of  a  cork  into  the 
former,  wliilo  a  euin  elastic  bag  is  tied 
ujmn  the  latter.  Bofure  closiiie  the  bulb, 
tlie  inside  should  be  moistened.  Under 
these  oircumsUuices,  if  the  bag,  after  due 
compreuion  by  the  hand,  be  suddenlj 
released,  a  cloud  will  appear  witliin  the 
bulh,  adequate,  in  the  aalar  raya,  to  pro- 
duce prismatic  coloun.  At  the  same 
time  the  tiiennomeler  will  show  that 
the  compression  iaprDdncliTaof  wanntb, 
the  relaxation  of  cold. 

The  tendency  in  the  atmosphere  to 
clDudineas,  at  certain  elevationa,  may 
be  ascribed  to  the  rareftction  which 
air  inevitably  undcrgoea  in  circulating 
from  the  earUl'i  auriBCe  to  auch  beigbta. 


f  the  Influence  of  the  Atmosphere  in  promoting  Evapora- 
tion, 

It  has  been  seen  that  by  its  pressure  the  atmosphere 
opposes  vaporization;  yet  a  free  access  of  air  is  found 
ioaispensabic  in  the  desiccalion  of  hay,  or  in  the  evapora- 
tion of  water  or  other  solvents.     It  was  at  one  time  ge- 
nerally conceived  that  evaporation  resulted  from  an  affi- 
|-nity  between  the  hquid  and  the  air,  analogous  to  that  be- 
een  water  and  sugar,  or  alcohol  and  resin;  but  Dalton 
Bsented  a  different  view  of  this  subject,  which  is  now 
snerally  approved.     He  has  shown  that  whatever  may 
e  the  temperature,  no  more  vapour  is  formed  during  the 
Bsence  of  the  air,  than  would  be  evolved  in  vacuo  in  the 
Itme  space.     It  would  seem  from  investigations  made  by 
that  philosopher,  by  Gay-Lussac,  and  others,  that  a  cur- 
rent of  atmospheric  particles  promotes  evaporation,  only 
by  removing  the  necessity  to  which  the  vapour  would 
otiierwise  be  exposed,  of  diffusing  itself  through  the  at- 
mospheric interstices  to  a  greater  distance.    Nevertheless, 
it  appears  to  rac  that  the  influence  of  a  current  of  atmos- 
pheric air,  in  promoting  evaporation,  is  greater  than  can 
be  reasonably  accounted  for  upon  the  Daltonian  doctrine ; 
and  1  am  at  a  loss  to  explain,  consistently  with  this  doc- 
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trine,  wherefore  spirits  of  turpentine  and  other  essential 
oils,  which,  in  the  absence  of  the  air,  are  less  vaporizable 
than  water,  should,  when  the  air  has  access  to  them,  be 
comparatively  more  ready  to  evaporate.  It  is  difficult  to 
conceive  that  atmospheric  air  should  have  no  affinity  for 
vaporizable  liquids:  or  that  having  such  affinity,  it  should 
not  in  consequence,  by  attracting  the  liquid  particles, 
promote  the  process  of  evaporation.  Nothing  can  be  more 
certain  than  that  evaporation  is  accelerated  in  proportion 
to  the  extent  to  which  contact  may  be  induced  between 
the  aeriform  and  liquid  particles.  Hence  when  surfaces, 
moistened  with  such  volatile  liquids  as  sulphuret  of  car- 
bon, or  the  more  volatile  ethers,  are  exposed  to  the  wind, 
or  to  a  blast,  intense  cold  is  produced  by  the  accelerated 
evaporation.  ^ 

It  is  well  known  that  the  direction  of  the  wiad  becomes 
evident  from  the  sensation  of  coldness,  experienced  in 
that  part  of  the  wetted  finger  on  which  it  blows.  With 
the  refreshing  influence  of  a  breeze,  when  the  skin  is  moist- 
ened by  perspiration,  we  are  all  familiar.  In  these  cases, 
the  reduction  of  temperature  must  be  ascribed  to  some 
property  in  the  air  which  enables  it  to  assist  in  the  for- 
mation of  vapour. 

In  fact  the  processes  of  evaporation,  and  vaporization 
in  the  sense  of  ebullition,  cannot  be  confounded  in  prac- 
tice, however  they  may  be  identified  agreeably  to  prevail- 
ing theories.  In  either  case  heat  is  requisite,  though 
much  less  is  necessary  in  that  of  evaporation,  but  the 
process  last  mentioned  is  accelerated  in  proportion  to  the 
extent  of  surface  exposed  to  the  air.  Ebullition  takes 
place  in  proportion  to  the  surface  exposed  to  the  fire 
without  access  of  air.  It  only  requires  that  the  vapour 
generated  should  have  an  aperture  sufficient  to  allow  of 
its  escape,  without  increase  of  pressure.  Hence  evapo- 
rating vessels  are  made  broad  and  shallow,  while  boilers 
are  made  deep  with  narrow  openings. 

98.  Cold  produced  by  the  Evaporation  of  Ether  ^hen  cuxe-- 

lerated  by  a  Current  of  Air. 

.  The  cold,  produced  by  evaporation  accelerated*  by  a. 
ieurrent  of  air,  may  be  advantageously  shown  by  subject- 
mg  a  thermometer  bulb  simultaneously  to  a  jet  of  ether, 
aim  a  blast  from  a  bellows,  so  that  the  atrial  and  etherial 


psrticles  may  be  tiioroughly  miiigled  just  before  reaching 
the  buUk  Water  may  be  frozsQ  in  a  bulb  thus  lefrige- 
nted. 


Vkpoar 
MOM.  Tat  lugli  ataam,  oi 
«i  Bwwim  wtialdiian  aqiia 
ftm  tttaj  tUnf  bot  and  : 
tttuflaUaa,  wna  wjtmajm 
■hw  rtitod,  Kbnonhaiie 
•anoMd.    Haaoa  toe  om 


q^  Vapour  iy  fitruinu, 
of  tha  word  tkhhit  u  inpljiiig  •  oondavdblo  aflii- 
lenie  ia  which  £iigliih  loUioia  amplDV  tlw  word  tog, 
m  wore  origiDslly  and  itill  an  mad  in  En^Iub  in  thia 
low  itaam  can  apply  oDlj  to  that  which  the  diitingvUi- 
MM  gai.  Johnaon  deGnaa  ateam  to  ba  tha  amoka  or  tm- 
DOiat.  or  eonne  atawn,  T^Mur,  and  auMlia,  in  the  oU 
nia.  Id  troth  bafim  Blaok'a  diaoorariaa,  aa  I  har*  ab*- 
dr  waa  the  only  urifinm  fluid  wlioaa  •idataiiao  waa  ra- 
of  tba  word*  atasm  and  vapoai  bM  grawn  with  on 


I  eonfeaa  I  have  ac 


aijlbat,  pannuient  cyaa,  and  the  condanaible  alaatio  flnida  ptodnoad  nam  liqnida 
abof*  uaii  boiling  pointa.  J  do  not  aee  that  any  diaadranlcge  aiialta  &iim  tha  mw- 
¥mKj  wa  of  the  wnad  Tapom  lodaaigilata  thalattar. 

f^tftB  Oppatumt  Infiuence  of  Pressure  an  the  Extrication  of 
Gtueoua  Sub^ancea  from  a  state  i^  ConUtination, 

When  one  of  the  ingredients  of  a  solid  or  liquid  is 
prrae  to  assume  the  aenform  state,  its  extrication  will  be 
more  or  less  easily  effected,  in  proportion  as  the  pressure 

of  the  air  is  diminished  or  increased. 


EI9.  Eteape  of  Carbonic  Acid  from  CarboruUe  of  Lime  itiltfected  to  an 
Acid,  promoted  by  Exhaustion  and  checked  by  Condensation. 

f^  If  a  tall  cyliodrical  jar,  coataining  a  carboDale 

p  ^  undergoiog  the  action  of  an  acid,  be  placed  under 

y"^       ~"*S.  a  receiver,  and  the  air  withdrawn  by  an  air  pump, 

'  ^       the  effervescence  will  be  augnKnled.     But  if,  on 

the  other  hand,  the  same  mixture  be  placed  under 
a  receiver,  in  which  the  pressure  ia  increased  by 
condensation,  the  cfierrascencD  will  be  dimJDished. 
In  the  one  case,  the  effort  of  the  carbonic  acid  to 
assume  the  gaseous  state  is  repressed;  intheotber, 
facilitated.  Hence  the  advantage  of  condensation 
in  the  process  for  manufacturing  carbonic  acid 
water.  Beyond  an  absorption  of  its  own  bulk  of 
the  gas,  the  affinity  of  the  water  is  inadequate  to 
subdue  the  tendency  of  the  acid  to  the  aeriform 
state;  but  when,  by  exterior  mechanical  pressure, 
a  great  number  of  volumes  of  the  gas  ere  con- 
densed into  the  space  onJinarily  occupied  by  one, 
the  water  combines  with  as  large  a  volume  of  the 
condensed  gas,  as  if  there  had  been  no  condenn* 
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100.  Impnmtd  AppariUuifo 
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ivilhin  the  roceirer  ba  iBsaened,  I 
■trikinglf .  ba  the  olhei  band,  if,  by  closing  the  cummi 
tnd  opening  thit  with  the  condeneer  vbile  lUia  in  in  op 
crcBBed,  if     '"  '  .<    .  .•       i^  

c  Biia  oiLher  exhaust  di 


each  sidi 
furniahedwitbgiill 
by  meanaofwhic 
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with  an  air  punip 

Thetubo''irX.° 
by  a  cock,  into  w\ 
funnel  i<  cemenb 
closing  the  receii 
disk ,  some  carbon: 
orcaTbonateofami 
be  introduced,  >o  : 
aboQt  half  (be  he 

careous  atalactitei 
from  Wayor's  cav 
cellent  for  this  put 
carbonate  being 
and  tlio  disk  lute 
place,  aa  represei 
figure,  diluted  mi 
may  be  added,  b} 
the  funnel  and  co< 
tity  Buflicient  to 
carbonate.    Of  t« 

If,undortheiBeirc 
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The  means  by  which  the  glass  receiver,  employed  in  the  preceding  e 
'  lold  and  rendered  sir-Ught  b^  the  rods  R  R,  the  \ToadeD  bluofc,  V 
d  ciicular  plate  or  disk,  D,  la  one  to  which  t  aliall  resort  tieqac 
'  my  eiperiuieutg.    Hence,  lo  avoid  unnocesiary  recurrence  to 
I  shall  in  future  designate  as  a  tcrcie  rod  una  ptate  Jrame,  t 


of  tliB  Bppanliu  ftbovi  doscribad,  i 


LO  ihek,  bar,  jitati,  utd  scrca 


Tba  glau  in  this  caw)  is  mudo  quile  true  by  grinding  on  ■  Iftrgo  lip  wheel,  giich 
■t  a  employed  by  lipidaiies,  Thq  buho  object  is  effected  in  the  chbb  o{  braas  plntes 
■illiaat  ^iDitiDg,  hj  turning  tbem  in  >  lithe  villi  a  glide  reat,  and  a  tool  with  ■ 
Sm  pjiamidsl  point. 

OF  CAPACITIES  FOR  HEAT,  OR  SPECIFIC  HEAT. 

The  power  of  equal  weights  of  ditTerent  substances,  at 
the  same  temperature,  iu  cooling  or  warming  a  liquid  at 
a  temperature  ditfereiit  from  their  own,  will  be  fouud  very 
unequal.  Thus  the  eflect  of  a  given  weight  of  water 
being  1000,  the  effect  of  the  like  weight  of  glass  will  be 
137,  of  copper  94,  tin  51,  lead  29,  iron  110,  gold  29,  pla- 
tinum 31,  zinc  93,  silver  55.  If  equal  weights  of  water 
and  mercury,  at  different  temperatures,  be  mLved,  the  ef- 
fect on  the  water  will  be  no  greater  than  if,  instead  of  tlte 
mercury,  sVth  of  its  weight  of  water,  at  the  same  tempe- 
rature as  the  mercury,  had  been  added;  and  it  takes  twice 
u  much  mercury  by  measure  as  of  water  heated  to  the 
nine  point  to  have  the  same  influence. 

The  term  sjiecific  heat  is  usually  employed  to  designate 
flie  quantity  of  caloric  in  a  body  in  proportion  to  its 
mighi  or  &u/^,  as  specific  gravity  is  used  to  convey  an 
\is&.  o(  weight  compared  with  buHr. 

In  the  process  above  described,  the  specific  heats  of 
Bubatauces  are  found  in  order  to  estimate  their  capaci- 
ties; the  one  being  necessarily  as  the  other,  and  the  same 
scries  of  numbers  expressive  of  cither. 


lOl.   Apparatus  for  iUuslrallng  Capaciticxfoi 


Heal. 


Let  ibc  vessels  A,  B,  and  C,  be  supplied  wilh  water  through  Ibe  tube, 
communicales  with  eai^h  of  them  by  a  horizontal  channel  in  tho 
block.     The  water  will  rise  to  the  same  level  in     "      "" 
TEeisIance  made  by  the  water  in  each  vessel  to  the  c 
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of  this  liquid  will  be  the  same,  and  will  be  measured  by  Ihe  height  of  the 
column  of  water  in  the  lube,  T.  Hence  if  the  height  or  this  column  were 
made  the  index  of  the  quantity  received  by  each  vessel,  it  would  leaiJ  to 
an  impression  thai  ihey  had  all  received  the  same  quanliiy.  Bui  it  must 
be  obvious  that  the  quantities  severally  received  will  be  as  different  as  an 
their  horizontal  areas.  Of  course  we  must  not  assume  the  resistance,  ex- 
erted by  the  water  within  the  vessels  against  a  furlher  accession  of  water 
from  the  tube,  as  any  evidence  of  an  equality  ja  ihe  portions  previoutlg 
received  by  them. 

In  like  manner  the  height  of  the  mercury  in  the  thermometer  shows  the 
rciiistance  which  substances,  whose  tem])erature  it  measures,  ai«  making 
to  any  further  accession  of  caloric;  but  it  docs  not  indicate  the  quantities, 
respectively  received  by  them,  in  attaining  the  temperature  in  question. 
This  varies,  in  them,  in  proportion  to  their  attraction  for  this  self-repelleot 
fluid;  as  the  quantities  of  water  received  by  the  vessels,  A,  B,  C,  are  va- 
ried in  the  ratio  of  their  re^>ective  areas. 

Rationale. — It  may  be  conjectured  that  this  diversity  in  (he  power  of 
substances,  equally  hot  or  cold,  in  influencing  temperature,  is  due  lo  a  dif- 
ference in  their  capacity  to  attract  caloric,  in  consequence  of  which  it  pro- 
bably forms  denser  atmospheres  about  the  atoms  of  some  substances,  than 
it  does  about  those  of  others. 

An  enalogy  has  already  been  suggested  to  exist  between  Ihe  manner  in 
which  these  calorific  atmospheres  surround  atoms,  and  that  in  which  the 
earth  is  surrounded  by  the  air;  and  also  the  mode  has  been  suggested  in 
which  changes  of  temperature  in  the  external  medium  would  operate  upon 
the  density  of  such  atmospheres.  Supposing  these  preliminary  sugges- 
tions correct,  it  would  follow  that  the  quanliiy  of  caloric  absorbed  or  given 
out  at  each  exterior  change  of  temperature,  by  any  one  congeries  of  atoms, 
would  be  to  that  absorbed  or  given  out  by  any  other  congeries,  as  the  pre- 
vious condensation  of  caloric  in  the  one,  is  to  lis  previous  condensation  in 
the  other.     See  Theory  of  Expansion,  page  82.* 


Of  the  Cmtdiictiiig  Process  in  Solids. 
It  is  well  known  that  if  one  end  of  a  piece  of  metallic 
wire,  as  a  common  pin  for  instance,  be  held  in  a  candl*" 
flame,  the  other  end  soon  becomes  too  hot  for  the  fingers.' 
It  is  also  known  that  the  heated  irons,  used  in  soldering 
and  other  processes  in  the  arts,  have  usually  wooden  han- 
dles, which  do  not  become  unpleasantly  warm,  when  tho 
irons  within  them  are  hot  enough  to  blister  the  hands. 
This  inferior  power  of  wood  in  conducting  heat  is  also 
well  exemplified  by  the  handles  of  silver  tea-pots,  which 
are  sometimes  altogether  of  wood;  in  other  instances 
principally  of  metal,  small  portions  of  wood  intervening. 
Id  either  case,  the  facility  with  which  the  heat  ia  prop^ 
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gated  in  the  comparatively  thin  mcftaliie  socket,  is  strongly 
coDtrasted  with  the  difficulty  which  it  experiences  in  per- 
meating the  wood.. 

An  uferiority  of  conducting  power,  when  compared 
with  metals,  is  also  displayed  b^  common  bone,  whale- 
bone, ivory,  porcelain,  and  especially  glass. 

103.  JhefMoltly  ^  Candueting  Power^  experimeiUattp  iStrjIralAl. 

Let  there  be  four  rods,  eefemlly  of  metal,  wood, 
glaflB,  and  whalebone,  each  cemented  into  a  ball  of 
aeafingwaz.  Let  each  rod,  at  the  end  which  is  not 
cemented  to  the  wax,  be  suooessiyely  ciposed  to  the 
flame  excited  by  a  blowpipe.  It  will  be  found,  that 
the  metal  becooies  quickly  heated  throughout,  so  as 
to  Ml  off  from  die  wax;  but  the  wood  or  wfaal^xxie 
may  be  destroyed,  and  die  riass  bent  by  the  ignition, 
veiy  near  to  the  wax,  without  melting  it  so  as  to 
liixmte  them. 


RaHanak  cf  ike  Fratiure  cf  GfUm  or  Pareekdn 

bpHeai. 

The  fracture  of  glass  or  porcelain,  exposed  to  fire, 
is  the  consequence  of  an  inferior  conducting  power; 
as  the  heat  is  not  distributed  with  quickness  enough 
to  produce  a  uDiform  expansion.  Hence  glass  is  ha- 
ble  to  crack  by  heat,  in  proportion  as  it  is  thinner. 
It  may  be  divided  by  a  he&ted  iron,  by  a  string 

steeped  in  oil  of  turpentine  and  inflamed,  or  by  the  heat  generated  by  fric- 

tioa.    See  article  112. 
Metals  aro  by  &r  the  best  conductors  of  caloric    There  are,  however, 

scarcely  two  that  conduct  it  equally  well. 

Tabk  of  ike  Conducting  Power  of  various  MetdU. 

Despretz  has  ascertained   by  exact  experiments,  that  the  conduct- 
ing power  of  the  following  metals  is  in  the  ratio  of  the  sutgoined  num- 


Gold, 

Silver, 

C(^per, 

Platinum, 

Iron, 

Zinc, 

Tin, 

Lead, 


1000.0 
078.0 
898.0 
381.0 
S74.3 
868.0 
808.0 
179.6 


£rplaiMiliofi  cf  tke  Process  by  wkick  Heat  is  supposed  to  be  eommad' 

eaied  in  Solids. 

I  omoeive  that  in  solids,  the  stratum  of  atoms  finrming  the  surface  first 
«qiosed  to  the  heal,  combining  with  an  excess  of  this  principle,  divides  it 


98  1.M PONDERABLE  HUB8TANCE8. 

with  ihc  next  siraluni.  The  caloric  received  by  tlie  secnnd  slrQlum.  is  ia 
the  nexE  place  divided  between  the  second  and  third  stratum.  Id  (be  mean 
time  the  first  airatum  has  receivfrd  an  odduional  supply  of  caloric,  which 
passes  to  the  second  and  third  stratum  as  in  the  first  instance ;  while  tba 
quaotity,  HE  first  received  by  them,  is  penetrating  further  into  the  mass. 

It  is  I  trust  easy  to  conceive  that,  by  the  process  thus  suggested,  calo> 
ric  may  find  its  way  throughout  any  body,  for  the  particles  of  which  il 
may  have  sufficient  affinity.  Probably  the  superior  conducting  power  of 
metals  Is  duo  in  great  measure  to  u  proportiooably  energetic  affinity  for 
caloric. 

The  conjectures,  which  I  ventured  to  advaoce  respecting  the  mode  in 
which  caloric  may  exist  in  atmospheres  about  atoms,  seem  to  be  peculiarly 
applicable  lo  the  case  of  metals,  on  account  of  their  great  cxpaosibility  by 
heat,  and  susceptibility  of  contract  ion  by  cold. 

If  caloric  be  not  interposed  in  a  dense  repulsive  atmosphere  between 
metallic  atoms,  how  can  its  removal  cause  that  approximation  of  those 
atoms  towards  each  other,  without  which  the  diminution  of  bulk  Invariably 
consequent  to  refrigeration  could  not  cnsuel 

103.  Liquids  almost  dettitute  of  Condtiding  Power • 

That  liquids  are  almost  devoid  of  power  to 
conduct  heat,  is  proved  by  the  inflammalioa 
of  ether  over  the  bulb  of  an  air  thermome- 
ter, protected  only  by  a  thin  stratum  of 
water. 

The  inflammation  of  ether  upon  the  surface 
of  water,  as  rppresentcd  in  this  figure,  does 
not  cause  any  movement  in  the  liquid  included 
in  the  bore  of  the  air  thermometer  at  L,  al- 
though the  bulb  is  within  a  quarter  of  on  inch 
of  the  flame.  Yet  the  thermometer  may  he 
so  sensitive,  that  touching  the  bulb,  white 
under  water,  with  the  fingers,  moy  cause  s 
very  perceptible  indication  of  increased  tern- 

By  placing  the  sliding  index,  1,  directly  o^ 
posite  the  end  of  the  column  of  liquid  in  tte 
stem  of  the  thermometer,  before  the  ether  m 
inflamed,  it  may  be  accurately  discovered  wbe- 
(lier  the  heat  of  the  flame  causes  any  movement 


104.  Communication  of  Caloric  by  Circulation 
That  caloric  cannot  be  communicated  in  liquids,  unless  it  be  soff^.      

as  10  cause  a  circulation  of  the  particles,  Is  experimentally  demonstrated 

by  the  following  experiment. 

A  glass  jar,  about  30  inohen  in  height,  is  supplied  with  as  much  water  1 
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aa  will  rise  in  i[  wilhln  a  few  iochea  of  the  brim.  By  means  of  a  lube 
descending  lo  Ihe  boltoin,  a  small  quantity  of  blue  colouring  matter  is  in- 
troduced below  the  colourless  water  im>  as  to  form  a  stratum  as  represented 
St  A,  in  the  engraving.  A  stratum,  differently  coloured,  is  formed  in  the 
upper  pari  of  the  vessel,  as  represented  at  B.  A  tin  cap,  supporting  a 
boUow  tin  cylinder,  closed  at  bottom,  and  about  an  inch  le^  in  diameter 
■  ..  ^^  than  the  jar,  is  next  placefl  as  it  is  seen 

W  CI  H  ''^  ^^'^  engraving,  so  that  the  cylin- 

t  Tf  der  may  be  concentric  with  the  jar, 

^^^  I  and  descend  about  3  or  4  inches  ' 

^^E  ^J^hh  '^^^  apparatus  being  thus  pn'pdred, 

^KF  ^^^^^9  if  an  iron  hoaler,  H,  while  red-hot,  bu 

H.  V^^^^P  placed  within  the  tin  cylinder,  the  co- 

V  ,  ^^^fl    n  loured  water,  about  it,  soon  boils ;  yet 

W  ^^^H  neither  of  the  coloured  strata   inter- 

'  ^^^M  mingle  with  Ihe  inlerraediata  colourless 

mass;  and  on  sliding  the  finger  up- 
wards in  contact  with  the  glass,  the 
heat  will  be  found  to  have  penetrated 
only  a  very  small  distance  below  Ihe 
tin  cylinder.  But  if  the  ring,  R,  be 
placed,  white  red-hot,  upon  the  iron 
atand  which  surrounds  the  jar  at  S  S, 
Ihe  portion  of  the  liquid  coloured  blue, 
being  o)^xMile  to  the  ring,  will  rise 
until  it  encounters  the  warmer,  and  of 
course  lighter,  particles,  which  have 
been  in  contact  with  the  tin  cylinder. 
Here  its  progress  upwards  is  arrested ; 
and,  in  consequence  of  the  diversity  of 
tlie  colours,  a  well  defined  line  of  sepa- 
ration is  soon  visible. 

The  phenomena  of  ihis  inlcrealing 
experiment  may  be  thus  explained. 

If  the  upper  (wrtion  of  a  vessel,  con- 
taining a  lliiid,  be  heated  exclusively, 
the  neighbouring  particles  of  the  fluid 
being   rendered  lighter  by  expansion 


are  more  indisposed,  than  before,  to  descend  from  their  position.  But,  if 
ibe  panicles,  forming  ihe  inferior  strata  of  Ihe  fluid  in  the  same  vessel,  be 
Tondercd  warmer  than  those  above  them,  their  consequent  expansion  and 
diminution  of  specific  gravity  causes  Ihem  to  give  place  lo  parlicles  above 
ihem,  which  not  being  as  warm,  are  heavier.  Hence  heat  must  he  b])- 
plicd  principally  lo  the  lower  part  of  the  vessel,  in  order  to  occasion  a  uni- 
Ibrm  rise  of  temperature  in  a  contained  fluid. 

Thi»  Maiement  is  equally  true,  whether  the  fluid  be  aerilbrm  or  liquid, 
excepting  that  in  the  case  of  aeriforni  fluids,  the  influence  oT  ptesaure  («i 
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co-operaie  with,  and  at  others  oppose,  ibe 


k 


iheir  elaslicily  i 
influence  of  leraperaiui 

105.  Experimental  flluxtralion  of  the  Proccu  by  vhich  Calorie  ia  dit- 

Iributed  in  a  Liquid  vntil  it  boiU. 

On  ihe  first  application  of  heal  la 
the  bottom  of  a  vessel  containing 
cold  water,  the  particles  is  coaiact 
with  the  bottom  are  healed  and  ei- 
pacded,  and  consequenily  become 
lighter  than  those  above  them.  They 
rise  therefore,  giving  an  opportunity 
to  other  particles  to  be  lifted  and 
to  rise  in  their  turn.  The  particles 
which  were  first  healed,  are  soon 
comparatively  colder  than  those  by 
which  they  were  displaced,  and, 
descending  lo  their  primitive  situa- 
tion, are  again  made  to  rise  by  ad- 
ditional heal  and  enlargement  of 
their  bulk.  Thus  (he  lemperalurea 
reversing  the  situations,  and  the  n> 
luations  the  temperatures,  an  inces- 
sant circulation  is  maintained,  ao 
long  as  any  one  portion  of  the  liquid 
ia  cooler  than  another,  or  in  other 
till  ebullition  lakes  place;  previously  to  which  every  particle  mutf 
have  combined  with  as  much  caloric  as  it  can  receive,  without  being  con- 
verted into  steam. 

The  manner  in  which  caloric  is  distributed  throughout  liquids  by  circu- 
lation, as  above  described,  is  illustrated  advantageously  by  an  esperimenl. 
contrived  by  Rurafont,  who  first  gave  to  the  proceiw  the  attention  which  it 
deserves. 

Into  a  glass  nearly  full  of  water,  as  represented  by  the  foregoing  figure, 
small  pieces  of  amber  are  introduced,  which  are  in  specific  gravity  an 
nearly  equal  to  waler,  as  to  bo  little  influenced  by  gravitation. t 

The  lowermost  part  of  the  vessel  being  aubjecled  to  heat  while  thus  pro- 
pared,  the  pieces  of  amber  are  seen  rising  vertically  in  its  axis,  and  ads^ 
they  reach  the  surface  of  the  liquid,  moving  towards  the  sides,  where  tlis 
vessel  is  colder  from  the  inHueace  of  the  external  air.  Having  reached 
the  aides  of  the  vessel,  they  sink  lo  the  bottom,  whence  they  are  again 
made  lo  rise  as  before.  While  one  set  of  the  pieces  of  amber  are  at  iha 
bottom  of  the  liquid,  some  are  at  the  top,  and  others  at  intermediate  situa- 
lions;  thus  demonstrating  the  movements  by  which  an  equalization  of 
temperature  ia  accomplished  in  liquids. 

When  the  boiling  pdnl  is  almost  attained,  the  particles  being  nearly  of 
the  same  temperature,  the  circulation  is  retarded.  Under  these  cireui* 
stances,  the  portions  of  liquid  which  are  in  contact  with  the  heated  HUrfaca 
of  the  boiler  are  converted  into  steam,  before  they  can  be  succeeded  by 


n  the  Gales  eiperie: 


*  Sec  Appendix  for  Eauy 
North  Ainericii. 

<  Ab  iLmber  is  rithoi  heavier  than  water,  it  ii  expedient 
■oda,  to  incieus  the  apecific  gravity  of  the  liquid. 
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otbos;  but  tbe^fleain  thus  produced  cannot  rise  &r  before  it  is  oondenaed. 
Hence  the  vibration  and  singing  sound  which  is  at  this  time- observed. 

According  to  an  observation  ofGay^Lussac,  water  boils  in  metallic  ves- 
ads  at  a  temperature  nearly  two  and  a  Aa{^  degrees  lower  than  in  those  of 
earthenware* 

QUICK  COUBfUNIGAliON  OF  HEAT,  OR  RADIATION. 

It  must  be  evident  that  the  heat  which  we  receive  from 
a  ore  in  opposition  to  the  draught,  reaches  us  neither  by 
the  conducting  process  nor  by  circulation.  Actual  con- 
tact is  evidently  indispensable  to  the  passage  of  heat  in 
either  of  these  modes.  The  aeriform  matter  which  is  in 
contact  with  the  embers,  or  the  blaze  of  a  fire,  forms  part 
of  a  conrent  which  tends  rapidly  towards  the  flue,  as  must 
be  evident  from  the  celerity  with  which  the  sparks  which 
accompany  it  are  propelled.  The  rapidity  with  which  the 
abial  particles,  heated  by  the  fire,  are  thus  carried  up  the 
chimney,  far  exceeds  that  with  which  caloric  can  be  com- 
monicated,  in  the  opposite  direction,  either  by  the  con- 
doctiiig  process  or  bj  circulation. 

The  caloric  received  from  a  fire  under  the  circum- 
stances above  mentioned,  and  which  is  analogous  to  that 
bjr  means  of  which  the  culinary  operations  of  toasting 
and  roasting  are  accomplished,  is  called  radiant  caloric, 
or  more  usually,  radiant  neat.  It  has  been  called  radiant, 
because  it  appears  to  emanate  in  radii  or  rays  from  every 
hot  or  even  warm  body,  as  light  emanates  from  luminous 
bodies. 

Radiant  heat  resembles  light  also  in  its  susce[ 
of  being  reflected  by  bright  metallic  surfaces;  in 
case  it  obeys  the  same  laws  as  light,  and  is  of  course  lia- 
ble, in  like  manner,  to  be  collected  into  a  focus  by  con- 
caYe  mirrors. 

106.  Model  for  illusiraiing  the  Operation  of  Concave  Mirrors. 
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The  object  of  the  model  repreeented  by  this  diagranii  ia  to  explain  the 
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tuode  in  which  iwo  mirrors  operate  in  collecting  the  rays  of  radiant  haM 
eiuitlcd  from  one  focus,  and  in  coocentraling  them  in  another. 

The  caloric  emitted  by  a  heated  body  in  the  focus  of  the  mirror,  A, 
would  pass  off  in  radii  or  rays,  lessening  in  intensity  as  the  apace  into 
which  they  pass  enlarges;  or,  in  other  words,  as  the  squares  of  the  dis- 
tances. But  those  rays  which  are  arrested  by  the  mirror,  are  reflected 
from  it  in  directions  parallel  to  its  ajtis.*  Being  thus  corrected  of  their 
divergency,  they  may  be  received,  without  any  other  Iom  than  such  aa 
arises  from  mechanical  imperfections,  by  the  other  mirror,  which  should 
be  so  placed  that  the  axis  of  the  two  mirrors  may  be  coincident;  or,  in 
other  words,  so  that  a  line  drawn  through  their  centres,  from  A  to  B,  may 
at  the  same  time  pass  through  their  foci,  represented  by  the  little  balls  sup- 
ported by  the  wires,  W  W. 

The  second  mirror,  B,  reflects  to  its  focus  the  rays  which  reach  it  from 
the  first;  for  it  is  the  properly  of  a  mirror,  duly  concave,  lo  render  paral- 
lel the  divergent  rays  received  from  its  focus,  and  lo  cause  the  parallel 
rays  which  it  intercepts  to  become  convergent,  so  as  lo  meet  in  its  focus. 

The  strings  in  the  model  are  inteucted  to  represent  the  paths  in  which 
the  rays  move,  whetlier  divergent,  parallel,  or  convergent. 


107.  Phosphot 


«  ignited  at  the  Distance  of  sixty  feet  by  a 
cent  Iron  Ball- 


incartdet- 


I 
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The  opposite  engraving  represents  the  mirrors  which  I  employ  in  the 
ignition  of  phosphorus  and  lighting  a  candle  by  an  incandescent  iron  ball. 

I  have  produced  this  result  a(  sixty  feet,  and  it  might  be  always  effected 
al  that  distance,  were  it  not  for  the  difficulty  of  adjusting  the  foci  with  suf- 
ficient accuracy  and  expcilition.  I  once  ascertained  that  a  mercurial  Ibei^ 
mometer,  when  at  the  distance  last  mentioned,  rose  to  110  degrees  o(i 
Fahrenheit.  ; 

A  tallow  candle  is  so  situated,  ihat  its  wick,  previously  imbued  witft 
phosphorus,  may  be  in  the  focus  of  one  of  the  mirrors.  A  lamp  being 
similarly  situated  with  respect  to  the  other  mirror,  it  will  be  easy,  by  i» 
ceiving  the  focal  image  of  the  (lame  on  any  small  screen,  so  to  aller  the 
arrangement,  as  to  cause  this  image  lo  fall  upon  the  phosphoms.  Thit 
being  effected,  the  screen,  S,  placed  beiwcen  iho  mirrors,  is  lowered  so  as 
to  intercept  the  rays.  The  iron  ball  being  rendered  while-hot  is  now  sub- 
stituted for  the  lamp,  and  the  screen  being  liffed,  the  phosphorus  takes  fire 
and  the  candle  is  lighted. 

Of  the  Divernly  of  Radiating  Power  in  Metnla,  Wood,  Charcoal, 
Glass,  Pottery,  ^-c. 

lOS.  Diversity  of  Radiating  Power  experimentally  illustrated. 

At  M,  (see  figure,  next  page)  a  parabolic  mirror  is  represented.  At  B 
is  a  square  gloss  bottle,  one  side  of  which  is  covered  with  tin  foil,  and  vn> 
ther  so  smoked  by  means  of  a  lamp  as  to  be  covered  with  carbon.  B^ 
tween  the  bottle  and  mirror,  and  in  the  focus  of  (he  latter,  there  is  a  bidbi 
of  a  differential  thermometer,  protecled  from  receiving  any  rays  directly 
from  the  bottle  by  a  small  mctullic  disk.  The  bottle  being  filled  wita 
boiling  water,  it  will  bo  found  that  the  temperature  in  the  focus,  as  indi- 

*  The  niia  ofa  mirror  is  in  a  lino  drawn  frata  ila  cbdud  Ibrough  iti  ftMtM. 
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by  the  ihermomctcr,  ia  greatest  when  iho  blackened  surface  is  oppo- 
flR  Id  ibe  mirror,  and  Ica^t  when  the  tin  foil  is  so  silua!ci] ;  iho  ciTecl  of 
ibsukcd  glass  being  greater  than  the  one,  and  Ic-sa  than  tlic  other. 

Tie  wortt  radiator»  are  the  hett  rejleetors,  and  the  be^  radiators  arc 
itwrttrefiectors;  tince  the  arrangement  of  particles  which  Ufaeotir' 
Mfar  radiaiioa  U  unfavourable  for  ruction,  and  vice  verm. 

A  polished  brass  ondiron  does  nol  bccomo  hot  when  exposed  from 
iDomtDg  (ill  night  (o  a  fire,  so  n™r  thai  the  bund  placed  on  it  is  scorched 
inolei^y  in  a  few  seconds.  Fire  places  should  be  constructed  ofa  form 
uhI  materiala  to  favour  radiation :  flues,  of  materials  to  favour  the  con- 
(hititing  process. 

To  preserve  beat  in  air  or  to  refrigerate  in  water,  vesselsshouldbeniado 
of  bright  metal.  In  the  latter  case,  the  brightness  is  beneficial,'  only  be- 
miffle  the  surface  cannot  be  bright  without  being  clean.  If  soiled,  its  com- 
nunicalion  with  the  liquid  would  be  impeded. 

Rationale, — Metals  appear  to  consist  of  particles  so  united  with  each 
Mher,  or  with  caloric,  as  to  leave  no  pores  through  which  radiant  caloric 
UD  be  projected.  Hence  the  only  portion  of  any  metallic  mass  which  can 
yield  up  its  rays  by  radiation  is  the  external  stratum. 

On  the  other  hand,  from  its  porosity,  and  probably  also  from  its  not  re- 
t»ining  caloric  within  its  pores  ^naciously  as  an  ingredient  in  its  compo- 
^rioo,  charcoal  opposes  but  tittle  obstruction  to  the  passage  of  that  subtile 
piiodple,  when  in  the  radiant  form;  and  hence  its  particles  may  ail  be 
simultaneously  engaged  in  radiating  any  excess  of  this  principle  with 
irhich  a  feeble  affinity  may  have  caused  them  (o  be  transiently  united,  or 
in  receiving  the  rays  emitted  by  any  heated  body,  to  the  emanations  from 
which  they  may  have  been  exposed. 

We  mayaccount  in  like  manner  for  the  great  radiating  power  of  earthen- 
ware and  wood. 

For  the  same  reason  that  calorific  rays  cannot  be  projected  from  the 
iaicrior  of  a  metal,  they  cannot  enter  it  when  projected  against  it  from 
without.  On  the  contrary,  they  are  repelled  with  such  force  as  to  be  re- 
flected wMiout  any  perceptible  diminution  of  velocity.  Hence  the  pre- 
cmineoce  of  metallic  reflectors. 
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It  would  seem  as  if  the  calorific  particles  which  are  condensed  between 
those  of  the  metal,  repd  any  other  plirticles  of  their  own  nature  which 
may  radiate  towards  the  metallic  superficies,  before  actual  contact  ensues; 
otherwise,  on  account  of  mechanical  imperfection,  easily  discernible  with 
the  aid  of  a  microscope,  mirrors  would  not  be  as  efficacious  as  they  are 
found  to  be  in  concentrating  radiant  heat.  Their  influence,  in  this  re- 
spect, seems  to  result  from  the  excellence  of  their  general  contour,  and  is 
not  proportionably  impaired  by  blemishes. 

Radiation  of  CM. 

A  thermometer  placed  in  the  focus  of  a  mirror  indicates  a  decline  of 
temperature,  in  consequence  of  a  mass  of  ice  or  snow  being  placed  before 
it  in  the  situation  occupied  by  the  bottle  in  the  preceding  figure.  This 
change  of  temperature  has  been  considered  as  demonstrating  the  radiation, 
and  consequently  the  materiality  of  cold.  For  since  the  transfer  of  heat 
by  radiation  has  been  adduced  as  a  proof  of  the  existence  of  a  material 
cause  of  heat,  it  is  allied  that  the  transmission  of  cold  by  the  same  pro- 
oess  ought  to  be  admitted  as  equally  good  evidence  of  a  material  cause 
of  cold. 

The  following  is  the  explanation  which  I  give  of  this  phenomenon* 
agreeably  to  the  opinion  that  cold  is  diminished  heat. 

I  suppose  that  caloric  exists  throughout  the  sublunary  creation,  as  am. 
atmosphere  held  to  the  earth  by  the  general  attraction  of  all  the  matter  i 
it,  being  in  part  combined  with  bodies  in  proportion  to  their  affinities  o 
capacities  for  it^  and  partly  free.     The  particles  of  the  firee  caloric  I 
pose  incessantly  to  exert  a  self-repellent  power,  which  increases  with  i 
density,  as  in  the  case  of  aeriform  fluids.    The  repulsive  power  of  calor^^ 
being  in  the  ratio  of  the  quantity,  it  follows  that  either  a  diminution  or  i 
crease  of  temperature  in  any  spot  must  equally  produce  a  movement 
the  calorific  particles ;  in  the  one  case  from  the  spot  which  sustains 
change,  in  the  other  towards  it. 

Supposing  the  surface  of  a  mirror  to  be  subjected  to  the  influence  of     a 
space  in  which  a  diminution  of  temperature  has  been  produced,  the  to^^b 
of  calorific  particles  between  the  mirror  and  the  space  will  move  into  tlie 
space.     The  removal  of  one  set  of  the  calorific  particles  from  the  sur&oe 
of  the  mirror,  must  make  room  for  another  set  to  flow  into  the  situations 
thus  vacated.     The  curvature  of  the  surface  of  the  mirror  renders  it  more 
easy  for  those  particles  to  succeed  which  lie  in  the  direction  of  the  focus. 


MEANS  OF  PRODUCING  HEAT,  OR  RENDERING  CALORIC 

SENSIBLE. 

Of  the  Solar  Rays  as  a  Source  of  Heat* 

Of  all  the  natural  sources  of  heat,  the  sun  is  obTiouslj 
the  most  prolific. 

The  solar  rays  may  be  collected  into  a  focus  either  by 
the  refracting  influence  of  glasses  or  the  reflecting  power 
of  mirrors.  They  may  be  converged  by  reflection,  in  a 
mode  analogous  to  that  illustrated  in  the  case  of  radiant 
heat. 
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The  gtasseg  employed  for  concentrating  light  are  called 
lenses  Iroin  their  shape,  which  is  that  of  a  double  convex 
lens. 

Aa  the  intensity  of  the  heat  produced  hy  the  solar 
beams  is  in  proportion  to  the  quantity  of  them  which 
may  be  collected  upon  any  given  spot,  there  appears  to 
be  scarcely  any  limits  to  the  temperature  producible  by 
their  condensation,  excepting  our  incompetency  to  enlarge 
or  multiply  burning  glasses  or  mirrors,  without  rendering 
them  unmanageable  or  inefficient. 

Scarcely  any  occurrence  of  antiquity  has  excited  more 
curiosity  than  the  destruction  of  the  Roman  ships,  which 
Archimedes  is  alleged  to  have  accomplished  by  concen- 
trating upon  them  the  rays  of  the  sun. 

Buffon  arranged  a  number  of  plane  mirrors  so  as  to 
concur  in  reflecting  the  solar  image  upon  the  same  spot. 
He  was  by  these  means  enabled  to  fuse  lead  at  a  distance 
of  140  feet.  This  contrivance  resembles  that  which  Ar- 
chimedes employed,  if  we  may  judge  from  the  accounts 
which  have  been  given  of  the  latter.  Previously  to  the 
employment  of  pure  oxygen  gas,  the  hydro-oxygen  blow- 
pipe, and  voltaic  electricity,  there  was  no  known  mode  of 

Ltivalling  the  heat  produced  by  large  burning-glasses  and 

Bmirrors. 

Sensible  Heat  evolved  by  Electricity. 
The  power  of  lightning  to  produce  ignition  is  dis- 
played by  the  conflagration  of  ships  and  barns,  in  con- 
sequence of  the  ignition  of  cotton,  hay,  or  other  combus- 
tibles. The  power  of  the  electric  spark  to  ignite  an  in- 
fiammable  gaseous  mixture  is  agreeably  illustrated,  by 
*  of  the  apparatus  described  in  the  following  article. 


^In  order  that  the  mleTiar  of  this  apparatus  mitf  be  described,  (lee  lig.  next  page) 
'da  of  the  boi,  B,  below  the  reservoir,  R,  is  supposed  to  be  removed.    On  the 

.D  of  the  box  is  a  square  metallic  dish  covered  by  a.  stratum  of  sealing  wax. 

IS  maUllic  plate,  D,  is  supported  behind  by  it  elass  rod,  cemented  lo  a  wicket 
--Iderad  to  a  hinge.  Upon  this  hinge,  like  the  lid  of  a  trunk,  tlie  plate  moves 
freelj,  while  connected  with  the  lever,  L,  by  a  silken  cord.  The  lover,  L,  ti  al- 
Uchcd  to  tho  key  orthe  cock,  Cj  so  that  opening  tlio  cock  causes  [lie  plate  to  rise, 
and  toacli  iho  knob,  n,  of  the  insulated  wire.  This  wire  tBtminaloH  just  before 
^^the  orificcof  the  tube,  i,  proceeding  from  tlie  cock,  and  about  ono-oighth  of  an  inch 
^^^DOi  ftnolhcr  wire,  supported  upon  that  tube. 

^^KTbe  el*«  reservoir,  It,  mceivcs  into  its  open  neck,  the  tapering  part  of  a  glass 
^^Kwel,   V,  which  is  so  proportioned,  and  littad  to  the  neck  by  grinding,  as  to  make 


rir-tieht  junclur 
B«lowUiujiuu:ture,  the  vessel,  V,  converges,  until  it  assumas  the  form  of  a  tube. 
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retching  neuly  U  the  bnttom  of  the 
teaeryoir.  Around  tha  tube  thtu  fono- 
od  n  coil  of  line  is  auppoilod,  bd  as  lo 
be  above  (ho  orifico  of  tlie  tuba,  eoo- 
Btitutcd  BB  abovoinenlioned. 

If  tliES  rcaervoir  be  suiKcionlly  niip- 
plied  with  diluted  sulphuric  acid,  laa 
reaction  between  this  solvont  uij  the 
zinc  will  evolve  hTdrogen  gna,  Th* 
gaa  thus  evolved,  if  not  allnwod  lo  o«>  . 
cape,  will  force  the  liqaid  which  ge- 
nenLtes  it  through  the  orifice  of  ua 
tube  proceoding  frnro  tha  vessel.  V, 
into  the  cavity  of  this  tobsoI,  until  the 
quantity  of  tho  acid  rBmaining  be- 
low, ia  inauScient  to  teach  tha  zinc. 
Whencrar  this  takes  place,  the  evo- 
lution of  hydrogen  ccaaca.  Aa  soon, 
h"wvor.  asi    by   opening   the  cock, 

capHi  an  equivalent  hulk  nf  acid  de> 

Ecenils  inlin  tlio  reservoir,  and  raocta 

with  tlia  zinc,   until,  by  the  further 

of  acid  which  inav  have  descended  ahall  o^a 

At  Uie  same  moment  that,  bjr 


pineratinn  of  hrdrngcn,  the  pon 
be  expelled  from  the  loner  into  the  upper  ' 

turning'  the  cock.  C,  a  jel  of  gas  is  emitted,  the  plate  of  the  elcctrophonis  baing 
lifted  agniDst  the  knob  n,  of  the  wire,  an  electrical  spark  will  pass  from  the  other 
end  of  this  wire  to  that  of  the  wire  supported  by  the  ccnk,  and  of  course  uninsu- 
lated bj  its  communicatioQ  with  the  operator's  hand.  Consequently  the  jet  of  hf- 
droseu  will  be  ignited,  and  will  light  a  candle  exposed  to  its  influence. 

For  a  rstionalo  of  the  olcctrophorus,  a^  also  for  other  e;(Gmpli Mentions  of  the  igni- 
ting power  of  aleotric  discharges,  I  refer  to  tlie  section  on  eloctriciiy,  ulicliM  U, 


45, 41),  and  00. 


110.  Igniiioii  by  Galranitm. 
GalTanic  Apparatus  far  lighling  a  Lamp. 


\ 


The  preceding  figure  represents 
a  gaJvanie  discharge  from  a  caloi' 
the  reader  lo  my  lectures  on  gall 

The  plunger,  P.  being  depressed  by 
contained  in  tlie  boi,  B,  ia  diBplaceJ, 
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•fdhrtion  of  lbs  gthmk  fioidy  a  platiiiiim  win,  ftitMied  betwMa 
-  lode  fanning  the  polas  of  the  calorimotori  and  proieoting  ovor  the  hunp 
at  JL  ii  ranmied  white  hoi,  and  a  fihunent  of  the  wick,  ptorionsly  mk 
vpNi]t,ii  innuned. 

The  wdriit  aote  aa  a  oonnterpmee  to  the  plonger,  and  whan  it  ia  not  deprewed 
hj  tti  htad,iaapa  it  oat  of  Iha  add. 


111.  MvmuMgniikm  JfppamtM. 

In  nwny  of  mj  experimenta,  far  the  pnipoae  of 
Bfodneinff  tlie  tempeiatnn  of  oombnetion  m  eavitlaa 
inaeeeMible  by  ordinairjr  «»■■■,  I  employ  m  wife  i^ 
nited  bj  being  made  a  part  of  a  jjpdvania  eiraa^ 

,Of  the  apjMuratm  by  wliioh  tliw  objeet  ia  efibeted,  I 
■btll  here  giTO  a  deeeiiption  aooonpaniedby  a  figure, 
whieh  wilToonvey  a  geneidi  idea  of  thto  oontrifanoe, 

Splicefaie  to  all  ceaee  where  it  maybe  need.  Haring 
HI  prepared  the  stndent,  I  elialt  in  Aitnn  refar  to  u 
under  the  name  at  the  head  of  tliie  aztiole,  in  order  to 
aToid  cireomlocation,  and  nnnecewiTy  reonrrenee  to 
analogooe  deioription.  O  lepreeenta  a  section  of  a 
metaluo  diek..  A,  B,  two  metallic  rods,  which  shonld 
be  of  inm,  if  in  contact  with  mercnry,  but  widek 
otherwise  may  be  of  brass,  are  made  to  enter  tlie  ca- 
vity. If^  as  in  general,  thie  rods  pass  through  a  me- 
tallic plate  or  cylinder,  one  of  them  may  be  soldered 
to  the  plate  or  cylinder.  The  other  niost  be  so  se- 
cored,  wliere  it  passes  through  the  metal,  hv  a  collar 
of  leather,  E,  as  to  insulate  it  from  all  meullic  oon- 
taot,  and  to  render  the  aperture  tiirongh  which  it  en- 
teis,  air-tight  if  necessary.  .The  roof  may  extend 
into  the  cavity  to  any  eonrenient  distance,  their  terminationa  being  approximated, 
■onorleos,  as  may  m  deohahle,'  but  not  biouaht  in  contact  To  one  or  these  rods, 
where  it  terminates  within  the  cavitT,  one  end  of  a  fine  platinam  wire  is  soldered: 
the  other  end  of  the  wire  being  soldered  in  IiIlo  manner  to  the  similarly  situated 
termination  of  the  other  rod.  To  the  rod  secured  by  the  collar  of  leather,  at  the 
termination  on  the  ontside  of  the  cavity,  a  gallows  screw  is  attached,  by  means  of 
which  a  flexible  lead  or  copper  rod  may  be  made  fast  at  one  end,  while  toe  other  is 
&>tened  to  one  of  the  poles  of  a  competent  calorimotor.  To  the  other  pole  of  tho 
calorimoior,  another  rod  is  attached  at  one  end,  which  at  the  other  may  he  secured 
bj  t  gallows  screw,  either  soldered  to  the  plate,  or  to  the  projecting  eztremitv  of 
the  uninsulated  rod,  as  in  the  fif^ure.  Sometimes  the  last  mentionea  rod  is  leit  at 
liberty,  so  as  to  be  made  to  touch,  when  desirable,  any  part  of  the  apparatus  having 
t  metallic  communication  with  the  uninsolated  rod.  If;  under  these  circumstances, 
the  calorimotor  be  put  in  operation,  the  wire  will  be  ignited. 

^nitiafi  by  Collision* 

The  ignition  of  spunk,  tinder,  or  gunpowder,  by  means  of  flint  and  steel, 
oomes  under  this  head*  In  the  rotary  match  box,  the  collision  is  produced 
by  a  wheel  thrown  into  rapid  rotation.  An  anal(^ous  apparatus,  called  a 
steel  mill,  had  long  been  employed  to  procure  light  in  mines  inWed  with 
ligiit  carburetted  hydrogen,  prior  to  Sir  H.  Davy's  invention  of  the  safety 
lamp.  This  gatf  explodes  on  coming  into  contact  with  the  flame  of  a  lamp 
or  candle,  but  is  not  ignited  by  the  scintillations  from  a  steel  mill. 

Heat  produced  by  Percussion. 

A  rod  of  iron  hammered  with  great  rapidity  by  a  skilful  workmanj'Hirill 
become  so  hot  as  to  ignite  a  sulphur  match,  and  phosphorus  may,  in  this 
iray,  be  easily  ignited ;  but  the  same  piece  of  iron  cannot  be  ignited  by 
percussion  more  than  once. 

Coins  grow  hot  when  struck  in  the  coining  press,  but,  if  repeatedly 
struck  and  cooled  during  eodi  interval,  are  less  heated  at  each  sue 
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blow.  Al  the  same  lime  the  dL^nsity  of  the  mass  is  permanently  increased, 
probably  by  the  expulsion  of  the  caloric,  interposed  between  lire  mulollic 
atoms.     See  rationale  of  the  conducting  process,  |>age  97. 

Heat  produced  by  Friction. 

Friction,  as  a  means  of  producing  lieat,  difiers  from  percussion;  since 
in  the  case  of  friction,  the  effect  being  confined  to  tfie  surfaces  of  bodies, 
there  is  no  condensation  of  the  mass  subjected  to  the  process.  Collision 
diflers  both  from  percussion  and  friction ;  for  it  produces  ignition  only  in 
the  minute  portions  of  matter  which  are  struck  ofl'.  The  masses  employed  - 
are  not  heated. 

It  ia  well  known  that  savages  avail  themselves  of  the  friction  of  wood  to 
generate  fire.  Wood  revolving  in  the  lathe  may  be  carbonized,  through- 
out the  circle  of  contact,  by  holding  against  it  another  piece  properly 
sharpened.  By  rubbing  one  cork  against  another,  sufficient  heat  is  pro- 
duced to  ignite  phosphorus. 

tiro  jiarU  on  being 


I 


The  pTocesB  fo 


'.  iB&inh  Lukenii  Hhowod  me  chat  a  amall  phial  or  lube  might 
>e  loparaUid  intg  two  pills,  if  Bubjecled  lo  ci>!d  water,  after  having  been  heated  by 
the  friction  of  IL  cord  made  lo  circulate  about  it,  bj  two  poraonB  alternately  putliog 
in  opposite  directions,  I  was  subBeqaentlf  enabled  to  employ  this  process  for  di- 
viding large  vessels  of  four  or  live  inches  in  diameter;  and  likewise  to  render  it  in 
every  case  more  essy  and  certain,  by  means  of  a  piece  of  plonk  forked  like  a  boot- 
jack, as  represented  in  the  preceding  ligure,  and  also  having  a  kerf  or  slil  cut  by  1 
■aw,  parallel  to,  and  nearly  ei^uidisUint  from,  the  principal  surfaces  of  the  plank, 
and  ^l  right  angles  to  Ibe  incwioni  fonning  the  fork. 

By  means  of  the  fork,  the  glass  is  easily  held  aleady  by  the  hand  of  one  operator. 
By  niean«  of  tho  kerf,  the  string,  while  circulating  aboat  the  glass,  is  confined  to 
the  part  where  the  separation  is  desired.  As  soon  as  the  cord  smokes,  the  glut  is 
plunged  into  water,  or  if  too  large  to  be  easily  immersed,  the  water  must  be  Uirawn 
-■      •"■-:-  method  is  always  preforablo  whan  Iho  glass  vessel  is  so  opanj  that, 


Sectual n 


r,  lu 
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temiviuBhiitolMMiiik  in  tiw  wttsr,  m  is  to  miriflt  tlw  wfirigwfitk»  to  tlw 


L«- If  tiM  fiietion  bo  oentiiiiMd  lonf  oBoagfai  tho  ^Mi|  thoiu^  a  vtiy 
hoi  iwihMtoffofhort,  bocomeo  bootod  tbrouffboat  in  tne  port  abont  wbion  Ibo  lino- 

~  Mnno  it  io  tbom  ozpoBudoa.  Wbilo  in  tbio  mto,  boi^  rad- 
tbo  oold  wotor  on  tno  ootndo  only,  tbo  rtratom  of  portioloo 
eontnotfl»wbllo  that  on  the  imido.  not  boing  obiiltd,  uidor- 
Blmfo.    Uoneo  a  ■opawtion  ntoally  IbOowo. 

t 
IjgniHon  iff  AUHHon^ 

Ut  wUInt  a  tbin  disk  of  ahaet  iron  is  mtde  fo  levoiTO  lapidly  qno  its 
aib  by  means  of  a  lalhe,  the  drcumferenee  be  brought  into  contaet  with 
apiate  of  steel,  heat  will  be  so  copiously  evolved  at  the  jdaoe  of  oolBsion, 
dnt  the  steel  may  be  actually  divided  \jj  the  succeesiTe  ignitioii  and  abfa- 
non  of  a  poftion  of  its  particles.  The  ignition  is  ooofined  to  the  stoel»  be- 
erase  the  beat,  evolvea  in  this  case,  is  too  much  divided  won  the  whole 
ciiwuftiriinee  of  the  iron,  to  afibct  any  part  materially;  wneress,  a  ibw 
pixtides  of  .steel  havii^  to  encounter  suocesovelv  many  of  iron,  the  heat, 
giwwratei»iiy  the  attrition,  accumulates  in  the  former,  so  as  to  piodhice 
rinbie  igiiilMik 

This  case*  differs  fiom  dwt  of  pure  collision,  since,  ahhougfa  heat  k  pro- 
dnoad  in  the  abraded  paxticles,  it  is  also  produced  in  the  xbaas;  and  it  difr 
in  fiom  that  of  ftietioo,  since,  although  one  of  the  massss  is  healaci,  the 
gieatest  heat  is  evolved  in  the  matter  iraich  is  alxraded* 

Heai  prodmeed  by  CombUmtiaiu 

The  union  of  tin  or  lead  with  platinum  is  productive  of  a  remarkable 
deration  of  temperature*  For  the  exhibition  of  this  phenomenon,  both 
metals  must  be  in  the  state  of  foil,  and  the  more  fusible  metal  rolled  up  in 
the  platinum,  so  as  to  form  a  scroll  as  large  as  can  be  ccmveniently  ig* 
nited  by  meansof  the  blowpipe.  As  soon  as  the  scroll  reaches  a  red  heat, 
it  becomes  instantaneously  incandescent,  the  union  being  effected  with  an 
astonishing  energy* 

113.  Experimented  Illustration. 

Tin  foi]  and  platinum  foil  are  rolled  up  into  a  scroll, 
the  tin  being  innermost,  and  the  whole  subjected  to  the 
flame  of  the  hydro-oxygen  blowpipe.  Aknost  as  soon  as 
the  mass  reddens,  it  becomes  incandescent  with  an  ener- 
gy aknost  explosive.  * 


16 


I 
I 


110  IMPONDERABLE  SUBSTANCES. 

114.  Boiling  Heat  produced  in  Alcohol,  by  the  Mixture  of  Sulphuric 
Acid  teith  Water. 

The  evolution  of  caloric,  produced  by  the 
mixture  oC  liquids,  has  long  been  an  object  at 
attention  among  chemists.  A  sensible  in- 
crease of  temperature  arises  from  the  mixture 
of  alcohol  with  water.  The  aame  consequenoe 
CDsues,  lo  a  much  greater  extent,  from  mixing 
water  with  sulphuric  acid.  The  heat,  thus 
generated,  may  be  convenienily  displayed  by 
means  of  the  apparatus  represented  by  the  ad- 
joining ligure. 

]nlo  the  inner  tube  introduce  as  much  alcohol, 
coloured  to  render  it  more  cUacemible,  as  will 
occupy  it  to  the  height  of  three  or  four  inchea* 
Next  pour  water  into  the  outer  tube,  till  it 
reaches  about  one-third  aa  high  aa  the  liquid 
contained  in  the  inner  tube;  and  nllerwards 
add  to  the  water  about  three  limea  its  bulk  of 
concentrated  sulphuric  acid.  The  liquid  in  the 
inner  tube  will  soon  boil  violently,  so  as  lo  rise 


Solution  the  Means  of  producing  Heat  or  Cold. 

Solution  produces  either  heat  or  cold,  according  to  the  nature  of  tht 
substance  dissolved  and  of  ihe  solvent  employed. 

Nitric  acid  grows  warm  while  dissolving  silver  or  copper,  and  is  still 
more  boated  during  its  reaction  with  tin.  Water  becomes  cold  in  i» 
solving  nitre,  and  still  colder  in  dissoivins  nitrate  of  ammonia.  Sulphuric 
acid  becomes  at  lirst  boiling  hot,  and  ollerwards  freezing  cold,  by  succes- 
sive additions  of  snow. 

Heat  produced  by  Mechanical  Action  inducing  Chemical  Decom- 
position. 

Wiib  the  view  of  showing  the  necessity  of  distinguishing  beat  aa  a  la- 
lent  cause  from  sensible  heat,  the  explosion  of  a  fulminating  powder  by 
percussion  was  exhibited.  This  phenomenon  falls  under  the  definitioa 
given  at  the  head  of  this  article-  Ignition  produced  in  this  way  has  of 
lale  been  advantageously  applied  to  fire  arms  and  fowling  pieces. 

It  seems  probable  that  the  mechanical  force  of  the  blow  causes  soras 
particles  of  the  compound  to  be  nearer  to  each  other ;  in  consequence  of 
which  an  arrangement  of  the  elements  ensues,  inconsistent  with  the  re- 
tention of  the  large  quantity  of  caloric  with  which  they  were  previously 
combined. 


^  Spi 


Heat  produced  by  Condensation  experimentally  illustrated. 
Spunk  or  tinder  may  be  ignited,  if  introduced  into  a  condenser  of  aj^ 
iriate  construction,  and  the  air  forcibly  condensed  upon  it.       ^^^^^ 


OAIiOKIC.  Ill 

It  laa  almMly  been  shown  that,  daring  its  raiefiietibn,  air  becomes 
oooler,  nUle  during  its  ooodensatbn  it  beoomes  wanner.  It  seems  that 
iriiea  tie  oon^jvessiGQ  is  carried  very  fki^  so  much  caloric  is  liberated  as 
to  cay  ignitioo.  Thi«  result  is  attained  by  means  of  a  small  condower, 
the  ednbtraction  of  whidi  does  not  dtfibr  from  that  which  has  been  de* 
fSS),  excepting  that  a  cock  for  the  introduction  of  the  spunk  is  sub- 
ibr  the  nuves.  The  ignition  is  accomplished  by  havinff  the  piston 
so  ■tontedt  as  that  there  may  be  as  much  air  as  possible  included  by  it^ 
aad  then  driving  it  home,  with  a  jerk,  so  as  to  condense  the  air  upon  the 
mitter  lo  he  ignited  with  great  force  and  rapidity.  Sometimes  the  ihstru- 
ment  is  made  of  glass  without  a  cock,  so  that  the  ignition  may  be  seen;  the 
ipnnk  being  inserted  into  a  cavity  in  the  end  of  the  piston,  which  nliiit  of 
coarse  he  withdrawn  as  soon  as  the  ignition  is  efiected,  in  order  to  make 
lay  useful  application  of  the  i^ited  ^unk. 

It  appears  evidently  from  tms  phenomenon  that,  in  air,  when  the  tempe- 
ittnre  is  uniform,  the  quantity  of  caloriQ  in  propoitioD  to  the  ponderable 
antter  lessens  as  the  density  increases. 

This  inference  would  appear,  at  first  view,  irreconcilable  with  those  ex- 
periments which  demonstrate  that,  in  steam,  the  quantity. of  calorie  is 
ahraya  directly  as  the  weight  of  water;  but  thediscofdancy  disappean 
when^we  connder  that  the  ^t  of  the  condensed  air  is  estimated  aifter  the 
cnape  of  the  sensible  heat  liberated  by  the  ooii^|»essioQ;  while  in  the  case 
of  steam  this  cannot  be  pemutted,  as  a  loss  of  sensible  heat  would  be  a^ 
tmded  with  a  partial  condensation,  producing  a  proportionate  diminutkm 
ofdsnsity* 

If  steam,  formed  at  the  boiling  point  of  212®  and  having  no  access  to 
water  in  the  liquid  form,  were  to  be  raised  to  some  higher  temperature, 
500*^  for  instance,  it  might  be  subjected  to  compression  without  being  par- 
tially liquefied ;  so  that  the  same  law  would  apply  to  it  as  to  atmospheric 
air,  which  always  exists  at  a  heat  far  above  its  boiling  point,  and  has  no 
access  to  any  of  its  own  kind  of  ponderable  matter  in  the  liquid  form. 

By  the  boiling  point  of  air,  I  mean  that  temperature  below  which  it  would 
become  liquid.  We  have,  1  think,  reason  to  infer  that  all  aeriform  fluids 
would  prove  susceptible  of  liquefaction,  if  our  power  of  abstracting  caloric 
or  producing  cold  were  unlimited. 

« 

115.  Experimental  Illustration. 

Spunk  ignited  in  consequence  of  the  compression  of 
air,  by  means  of  an  appropriate  condenser. 

Of  Fermentation  as  a  Source  of  Heat. 

It  is  well  known  that  vegetable  substances,  while  undergoing  fermenta- 
tioQ,  acquire  a  great  accession  of  heat;  and  that  green  hay  is  at  times 
spontaneously  ignited.  The  heat  generated  in  stable  litter  is  employed  to 
sustain  the  temperature  necessary  to  the  corrosion  of  the  metal  in  the 
manufocture  of  white  lead. 

Of  VitalUff  as  a  Source  of  Heat. 

The  temperature  of  warm  blooded  animals  demonstrates  the  power  of 
umnal  life  to  evx>lve  caloric. 


112  IMPONDERABLE  BUBBTANCES. 

In  no  Dihcr  respect  is  chemical  rcitclioD  bo  analogoin  to  that  which  U 
place  wLthiii  ihu  ilomuin  of  vitality,  as  in  their  common  association  ^ 
heal,  both  as  cause  aad  elTocl.  Tiic  old  chemical  law  that  bodies  do 
act  unless  fluid,  to  which  the  actual  exceptions  are  but  few,  shows  1 
much  Ihe  processes  of  chemistry  nxc  dejiendcut  on  tlic  principle,  wit] 
which  there  could  be  do  fluidity.  The  de|>en(]cticy  of  life  ou  tempertt 
is  self  evident.  Seeds  and  eggs  lie  dorniant  until  excited  by  a  due  daj 
of  heat. 

Of  the  Means  of  exciting  or  sujiporting  Heat  for  the  Purposes  ^ 
Chemistry. 

It  is  well  known  that  Ihe  activity  of  fire  is  dependent  on  the  supf^ 
air,  as  well  as  on  the  ijuantity  and  quality  of  the  fuel. 

Aa  the  air  which  comes  into  contact  with  a  fire  is  necessarily  m 
rarefied  hy  the  expansive  power  of  heat,  it  has  consequently  a  tende 
to  ascend  in  a  vertical  current,  giving  place  to  Ihe  colder  and  heavief 
in  the  vicinity,  agreeably  to  the  principles  already  illustrated.  Sea  ' 
and  105. 

The  limits  of  this  vertical  current  of  heated  air,  in  the  case  of  a  sin 
lamp  flame,  are  well  indicated  by  the  fidiginous  particles.  It  may,  l| 
ever,  be  observed  that  the  influx  of  the  cold  air  lakes  place  not  only  < 
level  with  the  flame  where  it  must  quicken  the  combustion,  but  also  b1 
the  flame,  where  it  narrows  the  heated  column  and  retards  its  progri 
In  the  Ai^nd  lamp,  a  glass  chimney  defends  the  vertical  current  % 
lateral  pressure,  until  it  has  nllained  a  suflicient  hcigiit  to  cause  lui  \ 
quatc  current  of  air  to  act  upon  tite  flame. 

In  conformity  with  the  principle  thus  illustrated  by  this  elegant 
useful  contrivance,  all  air  furnaces  are  constructed.  The  hot  sir  and 
pour  proceeding  from  the  fire,  lieing  received  into  a  flue,  or  the  funi 
being  tall  enough  of  itself  to  protect  the  ascending  current,  all  the 
which  flows  in  to  take  its  place  is  made  to  pass  through  ibe  fuel. 

It  would  not  be  expedient  to  take  up  the  time  of  the  student  with  a 
tailed  explanation  of  the  various  furnaces  used  by  chemists.  Sorw 
them  will  be  introduced  in  subsequent  illustralions,  as  associated  i 
processes,  in  which  their  utility  and  the  method  of  using  them  will 
evident. 

116.  Experimental  Illustration, 
An  ArganJ  lamp  shown  and  explained.     Also  an  i 
gand  lamp  wilh  concentric  wicks. 

Of  the  Bellows,  and  of  Forge  Fires. 

The  bellows  is  so  universally  known  as  the  means  of  exciting  com) 
tion  employed  by  smiths,  as  to  render  it  scarcely  necessary  to  tnenl 
the  forge  fire  as  among  the  most  efficient  and  convenient  methods  of  | 
ducing  heal  for  the  pur[>oses  of  chemistry.  The  supply  of  air  b,  in  1 
case,  yielded  by  an  operation  analogous  to  that  of  the  condenser. 

In  the  double  bellows,  the  additional  compartment  performs  a  part, 
equalizing  the  efRux,  equivalent  to  that  of  the  air  vessel  in  the  case  of 
forcing  pump,  the  valves  operating  in  ihe  same  way. 
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117.  Lamp  without  Flame. 

About  llie  wick  of  a  spirit  lamp,  a  fine  wire  of  plati- 
num is  coiled,  so  as  to  lesvc  a  spira!  interstice  between  the 
spiral  formed  by  the  wire ;  a  few  turns  of  which  should 
rise  above  the  wick. 

If  after  lighting  a  lamp  thus  constructed,  the  flanK  be 
extinguished  by  a  gentle  blast,  or  the  Irnnsient  applica- 
tion of  an  extinguisher,  the  wire  will  be  found  to  remain 
red  hot;  as  il  retEtins  sufficient  heat  to  siapport  the  com- 
bustion of  the  alcoholic  vapour,  although  the  tempera- 
ture is  inadequate  to  constitute  or  produce  iollamma- 
lion. 


Rationale. — The  metallic  coil  appears  to  serve  as  a  reservoir  for  the 
oloric,  and  gived  to  the  combustion  a  stability,  of  which  it  would  olher- 
viae  be  delicteDl. 

TTiere  is  some  analogy  between  the  operation  of  the  wire  in  acting  as 
R  reservoir  of  heat  in  this  chemical  process,  and  that  of  a  fly  wheel  as  a 
nervoir  of  moineatum  in  equalizing  the  motion  of  machinery. 


118.  Of  the  Mouth  Blowpipe. 


As  a  fire  is  quickened  by  a  blast  from  a  bellows,  so  a  flame  may  be  ci- 
citcd  by  a  stream  of  air  propelled  through  it  from  the  blowpipe. 

The  instrument  known  by  this  name,  is  here  represented  in  one  of  its 
beat  forms.  It  is  susceptible  of  various  other  constructions ;  all  that  is 
OMDtial  being  a  pipe  of  a  size  at  one  end  suitable  to  be  received  into  the 
mouth,  and  towards  the  other  end  having  a  bend  nearly  rectangular,  be- 
yond which  tlic  bore  converges  to  a  perforation,  rather  too  small  for  the 
ndmissioa  of  a  common  pin.  There  is  usually,  however,  an  enlargement, 
as  represented  in  this  figure,  to  collect  the  condensed  moisture  of  the 

[The  mouth  blowpipe  is  of  great  service  in  assaying  minute  portions  of 
laitter,  so  as  lo  form  a  general  idea  of  their  nature. 
The  celebrated  Berzolius,  who  has  written  an  octavo  volume  on  the  sub- 
ject of  this  instrument,  informs  us  that  by  means  of  it  Gahn  discovered  tin 
in  a  miacral,  in  which  it  liad  not  been  detected  by  analysis,  although  ex- 
i«ing  only  in  Hie  proportion  of  one  per  cent:  also  that  he  had  often  seen 
bim  extract  a  globule  of  melallic  copper  frem  the  ashes  of  a  quarter  of  a 
!l  of  paper.  The  utility  of  the  mouth  blowpipe  will  be  manifested  in 
i  future  illustrations. 


119.  Engraving  nnd  DescriptUin  of  the  Hydrestalic  Blowpipe. 

Wl'thK  hydrtalatle.  bloapipe,  coniiata  of  a  cnsk,  divided  by  a  horizontal  partition,  D 
' "  'o  Iwo  apaitmenlB.     From  the  upper  apajtmont,  a  pipe  of  about  Ihreo  incbea 

_-.„  ,.. : --ideal  with  that  of  tha  ca»k,)  deacandB,  unlil  within  about 

On  the  bottam  ia  failened,  by  screwa,  a  hollow  cylinder 
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BinaJI  grooTB  is  miide  in  the  uppar  Butfuce  of  Ihe  block,  which,  when  the 
lealher  is  nailed  on  each  aide  of  il,  eoustituWs  B  lateral  air-light  pasaaeo.  Thii 
Iftloml  pawsgB  commuQicAlei  with  a  hole  bored  vertically  into  Qia  wood  liy  a  cen- 
tro-bil;  uid  a  small  atrip  of  tlie  leather  being  extended  so  u  In  cover  Ihia  hole,  is 


),  with  Iho  addition  of  some  diaka  of  metal, 
wurda.     In  Iho  hollom  of  the  eaak,  tlioro  is  anothc 

ssing  perpend iculatlv  through  the  pipe,  P,  from  ihe  handl 


ming  up- 


posaing  perpend iculirlv  through  the  pipe,  F,  from  the  huidlo  K,  is  futeovd 
lower  end  lo  a  hemiaphcriciil  maoa  of  lead,  L.     The  portion  of  the  rod  b«- 

J  and  thia  proceeda  through  the  centre  of  the  leather,  which  oovHra  the  cavitj 
inned  bj  the  hollow  cylinder;  alao  through  another  maaa  of  lead,  like  the  firat, 
which  being  forced  up  hj  a  acrew  and  nut,  aubjocCa  the  leather,  between  it  and  tbs 
opper  leaden  hemiaphere,  to  a  prasaure  sufficiBnt  to  render  the  juncture  aii-light. 
From  the  partition,  D  D,  an  eduction  pipe  is  carried  under  the  table,  where  it  is 
fastened,  by  meana  of  a  acrow,  to  a  cock  which  carries  a  blowpipo  ao  attached  by  > 
amall  awivel  joint,  as  to  bo  adjusted  in  any  direction  which  may  be  necesaar;. 
A  auction  pipe  paasea  frotn  Ihe  opening  covered  by  Ihe  lower  valve,  undsr  Iho  bot- 
tom of  the  caak,  and  riaca  vertically,  close  to  it,  on  the  outside,  lermiDating  in  ■ 
gallows,  g,  for  the  attachment  of  any  flexible  lube  which  may  be  necessary. 
The  npparalns  being  thus  arranged,  and  the  cask  supplied  with  water,  until  tlia 

tartiliun  is  covered,  lo  the  depth  of  about  two  inches  i  if  the  piaton  be  lifted,  ths 
lather  will  be  balged  up.  and  will  remove,  in  aome  degree,  the  atmoapherio  proa- 
sure  from  the  cavity  beneath  it;  consequently,  the  air  laust  enter  tJimuffh  tha 
lower  valve,  lo  reatore  the  eijuilibrium.  When  the  piston  ia  depreased,  the  leather 
being  bulged  in  the  apposite  direction,  the  cavity  beneath  il  ia  diminished,  and  Ihs 
sir,  being  compressed,  forces  its  way  through  the  lateral  valve  into  the  lower  sparl- 
ment  of  the  cash.  This  apartment  boing  previonsly  full  of  water,  a  portion  of  this 
fluid  is  pressed  up,  through  the  pipe,  iato  Iho  upper  apartment.  The  same  result 
enaues  every  time  that  the  atroko  is  rejieated ;  ao  that  the  lower  apartment  soon 

*  It  should  bo  staled  that  the  leather  air  pump,  B  B,  is  not  correctly  reprosenled 
■s  respects  its  dimenaiona,  which  ought  lo  be  in  diameter  aa  large  nearly  as  the 
■pace  will  admiL  The  cavity  in  the  block,  under  the  leather,  ought  to  be  nine 
iDohM  in  width. 
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bccnnipi  replete  with  sir,  which  is  relaiaed  by  llie  cock,  until  iU  diacharge  by  the 

bio o pipe  ia  recjuijile. 

The  cock  being  opened,  Iho  air  confined  in  the  lower  apartment,  is  eipellcd  by 
Ibe  pressure  of  the  wnter  in  tlio  upper  npo-rlmenl,  which,  as  the  air  which  had  dis- 
plurd  it  eecnpcB,  descends  and  rcoccuniea  itt  former  lituation.  The  piston  ia 
vorkcd  either  by  the  haiidle,  or  the  treadle  at  C. 

In  Drd(>r  lo  supply  the  cuk  with  oiygcn  gas,  it  ia  only  necesiaiy  to  attach  to  the 
■action  pi^,  (by  moanaof  tbo  gallows  and  screw  tig,)  another  pipe,  duly  aeiible, 
md  Icnmnating  within  a.  bell  containing  the  gna  in  queition,  over  the  pneuDiatic 
dstern :  or  Iha  pipe  msy  oommunicalo  with  a  leslher  bag  filled  with  oiygen.  1 
bars  one  which  will  hold  lifly  gallons.  The  acnina  are  closed  by  rivets,  agreeably 
Id  Pennock  and  Selieri'i  plan  fur  mail  bags  and  firo-hoso. 

Of  the  Enamelhr'a  Lamp. 
On  the  tabic  of  the  hydrostatic  blowpipe,  a  lamp  is  represented,  which  I  ase  in 
Mowing  the  bnlbe  of  thermomelers.     This  is  a  modilicalion  of  Uie  "  Gnnmeller's 
Irusp,'  so  called,  becaoBO  Buch  lamps  have  been  used  in  a  certain  spociuB  of  ena- 

It  is  essential  to  the  enoniellcr'a  lamp,  that  the  flame  be  excited  by  a  jet  of  air. 
I'lually,  a  small  double  bellows  is  placed  under  tlio  table  so  as  to  be  worked  by  the 
foot,  causing  a  jet  of  air  to  act  upon  the  Aamc  through  a  pipe  Icrmiualing  in  a  beak 
lie  that  of  a  blowpipe. 

Of  ihc  Hydro-  Oiygen  or  Contpmind  Bloarpipe. 

In  (be  year  IHOl,  by  the  invention  of  the  hydro-oiygen  or  compound  blowpipe, 
jX  which  1  published  an  account  the  fotluwing  year,  I  waa  enabled  lo  fuse  levenu 
of  the  pore  earths  which  had  previously  been  deemed  infusible ;  and  likewise  not 
oalv  to  fuss,  but  lo  volatilise  pure  platinum,  Subsequently,  my  friend  Professor 
SJfiman,  by  a  more  extended  use  of  the  instrument,  fused  a  great  number  of  sub- 
■UDcea  iusuBceptible  of  fusion  by  the  common  blowpipe.  My  memoir  was  repub- 
Eshed  in  London,  in  Tilloch's  Magazine  :  also  at  Paris,  in  the  Annalos  de  ChimJe, 
ud  wu  noticed  by  Murray  in  his  treatise  of  chemistry,  and  by  Dr.  Hope,  in  his 
hctureai  yet,  when  a  modificatien  of  the  hydro-oxygen  blowpipe  waa  contrived  by 
Ur.  Brooke.  Dr.  Clarke,  by  moans  of  this  moditication,  repeated  my  experimenta 
nd  tfaoae  of  Professor  Sitliman,  without  any  other  notice  of  our  pretenaions  than 
Midi  ••  ware  calculated  to  convey  erroneous  imprecsions.  For  an  oiposure  of  the 
iaiustice  of  this  procedure,  I  refer  to  >ome  "  Strictures  on  Clarke'i  Gaa  Blowpipe," 
iraieh  will  be  found  in  the  Appendix. 

Marh  has  been  said  in  some  of  the  British  newspapers,  of  the  application  In 
lighthouses,  ofthe  light  reflected  by  lime,  when  subjected  to  the  flame  of  the  com- 
pound  blowpipe.  Thia  is  treated  as  a  new  invention,  although  in  my  original  Ma- 
taoir,  publiuied  more  than  twenty  yearn  before,  I  spoke  of  tlio  light  bd  created  aa 
intolarabla  to  the  naked  eye.  A  similar  observatton  will  be  found  in  the  deacnp- 
tkm  given  by  my  friend,  Profeasor  Silliman,  of  the  phenomenon  in  qaestion.  It 
MIdw*  that  the  English  operator  can  only  lay  claim  to  a  new  application  of  a  pre- 
riooa  diaocxBiy. 

190.  Engrxmng  ond  DatHptim  of  on  improvrd  CompBimd  Biowpipe  and  its  .Ippen- 

impound  blowpipe  which  I  contrived  and 
_,  r  1S13;  but,  fearing  it  mighl  be  deemed  unneceaanrily 
NDipiei,  I  did  not  tlien  publish  an  account  or  it.  Experience  has  shown  that  the 
aiBplieatian  of  its  structure  does  not  render  it  mors  diflicalt  to  use  than  the  sim- 
piait  iiutruinentB  intended  for  the  same  purpoea ;  while  its  parts  are  peculiarly 
MBcaplible  of  advantageous  adjustment, 

B  ia  a  brass  ball,  with  a  vertical  perforation,  tenninaling  in  a  male  screw  above, 
■nd  in  a  female  screw  below.     Another  perforation,  at  right  angles  to  this,  canaea 

lar  hut  smaller  brass  ball  may  be  observed  above,  with  porforotions  simihir  to  those 
in  the  larger  ball,  and  a  lobe,  in  like  manner,  entering  it  laterally.     This  ball  tenui- 

:row  of  the  larger  ball,  which  enters  the  saiiio 

and  thus  determines  the  degree  of  compres- 
n  ^TCn  to  a  cork  which  is  placed  between  tham  in  the  nut.    At  f   ~' '*" 


i 
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.   ,  w  may  ba  observed,  wiUi  a  milled  heud.    This  is  eonnocled  with 

■  itnall  tube  which  paaiea  tlirough  the  cork  in  tbe  nut,  and  reaches  nearly  to  tim 
external  orificB,  o,  from  which  the  flume  a  repreaenled  as  proceeding-,  Thie  tabs 
ii  for  tbe  iddbI  part  of  brasa,  but  at  its  [awer  end  terminntea  in  a  lube  of  platinum. 
It  conununicalei  b;  lateral  apertures  with  the  cavity  uf  the  upper  ball,  but  is  pre- 
vented by  the  cork  from  communicating  with  lbs  cavity  in  the  other  ball.  Henoa 
it  receives  any  gas  which  may  be  delivered  into  the  upper  ball  from  the  lateral  pips 
wblcb  enters  that  ball,  but  receives  Done  of  the  gu  which  may  enter  the  lower 
ball.B. 

Into  the  female  screw  of  the  latter,  a  perforated  cjilinder  of  brass,  c,  with  a  car> 
respDnding  male  screw,  is  fitted.  The  perforation  in  this  cylinder  forms  a  Conti- 
nuation of  that  in  the  ball,  but  narrows  below,  and  ends  in  a  small  hollow  cylinder 
of  platinum,  which  forms  the  eilcmal  orifice  of  the  blowpipe,  o. 

The  screws,  i  i  i  a,  are  to  keep,  in  the  aiis  of  the  larger  ball,  the  tube  which 
passes  through  it  from  the  cavity  of  the  smaller  ball.  The  intermediate  Dot,  b; 
compressing  about  the  tube  the  cork  which  surrounds  it,  prevents  any  comfDnniGft- 
tion  between  tlie  cavities  in  the  two  batU,  By  the  screw,  8,  in  the  vertex,  tbe  ori- 
fice of  the  central  tube  may  be  adjusted  to  a  proper  distance  from  the  eitenul  on- 
fice.  Three  diflerent  cylinders,  and  as  many  central  tubes  with  platinum  orifics* 
of  diffiirent  calibres,  were  provided,  so  that  the  Same  might  be  varied  ia  liw, 
•greeahly  to  the  object  in  view. 

I  have  always  deemed  it  best  to  transmil  the  oxygen  gas  through  the  tube  in  th« 
axis,  since  two  volumes  of  th^  hydrogen  being  required  for  one  volume  of  oxygA 
the  larger  tube  oughl  to  he  Dsed  for  the  fanner;  and  the  jet  of  hydrogen  is  placed 
between  a  jet  of  oxygen  williio  it,  and  the  atmospheric  air  without. 

Under  the  table  is  a  gallows,  G,  with  a  screw  for  allaohiDg  a  pipe,  leading  IVmh 
a  self-reffulaljng  reservoir  of  hydrogen. 

In  order  to  put  this  apparatus  into  operation,  it  is  placed  over  the  cask  of  tlu 
hydrostatic  blowpipe,  us  it  appears  in  the  figure  wliich  has  been  given  of  that  Bppt- 
ntiis.     The  pipe,  F,  is  the  eduction  pipe,  which  forms  a  part  of  that  tigure. 

Another  pipe,  proceeding  from  a  reservoir  of  hydrogen  gas,  is  attached,  by  mean* 
of  the  screw  and  gallows,  U,  to  one  of  the  tubes  comjnUDicating  with  the  blow- 


oD  of  tlie  bellows,  the  cavitr  of  the  hydrostatic  blowpipe  may  ba 
supplied,  either  with  oxygen  gas,  or  atmospnerio  air.  In  either  esse,  in  order  Is 
have  the  instrument  in  lull  operation,  it  ia  only  necessary  to  open  the  cocks,  ani 
inSame  the  hydrogen. 

The  beat  produced,  in  this  way,  by  the  combustion  of  hydrogen  with  atmoaphaiie 
air,  is  sufficient  to  fuse  platinum ;  and  when  oxygen  gas  is  employed,  that  metal, 
or  any  other,  may  be  volatililod.  The  facility  wiln  which  the  hydro-oiygea  fiaoM, 
wtietfiM  excited  by  puts  oiygsD  or  common  air  merely,  may  Im  made  to  act,  ia 
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iny  eonTMiient  Erection,  renden  it  peculiarly  serviceable  in  many  operations.    Its 
soperior  cleanliness  is  a  great  recommendation. 

MEANS  OF  PRODUCING  COLD,  OR  RENDERING  CALORIC  LATENT. 

Cold  by  Vaporization. 

The  cold  produced  by  evaporation  has  been  illustrated 
by  an  experiment  in  which  a  jet  of  ether,  co-operating 
with  a  blast,  was  productive  of  the  congelation  of  water.* 
Pure  prussic  acid  will  enable  me  hereafter  to  exhibit  a 
phenomenon  still  more  surprising;  I  mean  that  of  the 
freezing  of  one  portion  of  a  liquid,  by  the  vaporization  of 
another  portion.  I  shall  now  proceed  to  show  that  the 
freezing  of  water  may  be  caused  by  the  ebullition  of 
ether. 

121.  Water  frozen  by  Boiling  Ether. 

Let  a  portion  of  water,  just  adequate  to  cover 
the  bottom,  be  introduced  into  the  vessel  repre- 
sented in  the  annexed  engraving,  as  suspended 
within  a  receiver.  Over  the  water  let  ether  be 
added,  in  quantity  sufficient  to  form  a  stratum 
from  an  eighth  to  a  quarter  of  an  inch  in  depth. 
If,  under  these  circumstances,  the  receiver  be 
placed  on  the  air-pump  plate,  and  sufficiently  ex- 
hausted, the  water  freezes,  while  the  ether  boils. 

Rationale. — The  freezing  of  the  water  in  con- 
tact with  the  boiling  ether,  is  in  consequence  of 
that  increased  capacity  to  combine  with  caloric 
already  explained  in  article  88.  Under  these  cir- 
cumstances, the  boiling  point  of  the  ether  is  de- 
pressed below  the  freezing  point  of  water;  and 
consequently  it  causes  the  congelation  of  that  li- 
quid from  the  same  cause,  that  melted  tin  or  lead 
will  congeal  under  boiling  water. 


122.    Congelation  of  Water  in  an  exhausted  Receiver  by  the  aid  of 

Sulphuric  Acid. 

In  the  preceding  experiment,  water  is  frozen  by  the  rapid  abstraction  of 
caloric,  consequent  to  the  copious  vaporization  of  ether  when  unrestrained 
by  atmospheric  pressure.  In  vacuo,  water  undergoes  a  vaporization,  ana- 
logous to  that  of  the  ether  in  the  preceding  experiment ;  but  the  aqueous 
vapour  evolved  in  this  case  is  so  rare,  that  it  cannot  act  against  the  air- 
pwmp  valves  with  sufficient  force,  to  allow  of  its  being  pumped  out  of  a 
receiver  with  the  rapidity  requisite  to  produce  congelation.    However,  by 


*  Bee  page  92. 
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Ilie  process  which  1  am  about 
to   ilpscril>e,    water    may    bs 
ri'ow^n  by  its  own  vaporiwilion. 
A   thin   dish,   or   pane  of 
glass,    covered    by   a    small 
quantity  of  water,  and  situated 
over   some  concentrated  sul- 
phuric acid  in  a  broad  vessel, 
is    placed  within  a  receiver, 
on  the  air-pump  plate,  as  ro- 
presented  in  the  annexed  en- 
\  graving.  Under  ihese  circum- 
'  stances,  (he  exhaustion  of  the 
3ivcr  causes  the  congeladon 
of  the  water. 

Rationale. — So  !ong  as  there  is  no  diminution  of  the  iLin  aqueous  vapour 
which,  in  the  absence  of  the  air,  occupies  the  cavity  of  the  receiver,  the 
claslic  reaction  of  that  vapour  prevents  the  production  of  more  vapour; 
but  when,  as  in  the  case  in  point,  the  vapour  ia  largely  in  contact  with 
sulphuric  acid  and  consequently  rapidly  absorbed,  a  corresponding  vapori- 
zation of  the  water  lakes  place  to  supply  the  deficif  ncy  thus  created.  The 
caloric  requisite  for  the  generation  of  the  vapour  thus  formed  is  taken  from 
the  residual  liquid  which  finally  freezes  in  consequence. 

123.  Improtxd  Apparatus  for  freezing  Water  by  Ike  aid  of  Svlphwie 
Arid. 

Finding  the  experiment,  for  which  the  apparatus  represented  by  the  pre- 
ceding figure  is  usually  employed,  liable  to  fail  from  the  imperfection  of 
cocks,  dependent  for  their  efficacy  on  a  melallic  joint,  I  contrived  the  appa- 
ratus which  the  opposite  engraving  is  intended  to  n'preseiit,  and  which  I 
shall  proceed  to  describe.  A  bmsa  cover  is  so  well  fitted  to  the  rim  of « 
large  glass  jar  as  to  be  quite  air-tight.  In  operating,  the  bottom  of  ifae 
jar  was  covered  with  sulphuric  acid,  and  another  jar  »4lh  feet,  also  sup- 
plied with  acid  enough  to  make  a  stratum  half  an  inch  deep  on  the  bottom, 
is  introduced  as  represented.  The  bottom  of  the  vec^sel  last  mentioned,  is, 
by  means  of  the  feet,  kept  at  such  a  height  above  the  surface  of  the  acid 
in  the  outer  jar,  as  not  to  touch  it.  Upon  (he  surface  of  the  glass  vessel,  k 
small  piece  of  very  thin  sheet  brass  is  placed,  made  concave  in  the  middle, 
so  as  to  hold  a  small  quantity  of  water.  The  brass  cover  is  rurnished 
with  three  valve  cocks,  one  communicating  with  the  air  pump,  another 
with  a  barometer  gauge,  and  the  third  with  a  funnel  supplied  with  water* 

With  the  apparatus  thus  arranged,  having  made  a  vacuum  on  a  Satur- 
day, I  was  enabled  to  freeze  water  situated  on  the  brass,  and  to  keep  up 
the  congelation  till  the  Thursday  following.  As  water  in  the  state  of  ice 
evaporates  probably  as  fast  as  when  liquid,  (he  whole  quantity  fromi 
would  have  entirety  disappeared  during  the  night,  but  for  the  assistance 
of  a  watchman  whom  I  engaged  to  supply  water  at  intervals.  At  a  max!, 
raum  1  suppose  the  mass  of  ice  was  at  limes  about  two  inches  square,  and 
from  a  quarter  to  a  half  an  inch  thick.  The  gradual  introduction  c^  th« 
water,  by  aid  of  the  funnel  and  valve  cook,  and  of  the  pipe  represented  ia 
the  figure,  by  which  it  was  conducted  to  the  cavity  in  the  sheet  brti», 
enabled  me  to  accumulate  a  much  larger  mass  than  1  could  have  otherwise 
procured.    The  brass  band  which  eml)races  the  inner  jar  near  the  biiin,* 
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•Sulphuric  Acid.  -^ 
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irith  the  three  atnqMi  prooeediDg  from  it,  ittcvee  to  keep  this  jar  in  a  proper 
poatioa;  that  is,  oonoentric  with  the  oQter  jar* 

In  this  experiment,  I  employed  an  air-pump  npcNti  a  new  oonstnictixni, 
which  I  have  latdy  contriveidy  and  of  which  a  descriptioii  will  be  given  in 
the  Appendix. 

Congelation,  as  efiected  in  the  experiments  above  described,  may  be  ac- 
compiiMied  by  the  aid  of  any  substance  having  a  very  strong  affinity  for 
water,  as  for  instance  chloride  of  calcium,  clay,  or  whinstone,  after  having 
been  rendered  anhydrous  hj  ionition.  Even  parched  meal  or  flour  has 
been  successfully  employed  m  uie  process*      *        . 

Of  the  Freexing  (fMarewr^  £y  the  Yaforintaion  rflce. 

If  a  pear-shaped  mass  of  ice  containing  the  metal  be  suspended  over  a 
hige  surftoe  of  sulphuric  acid,  and  a  ^>od  exhaustioii  obtained,  it  will 
fiecK  the  quicksilver  which  may  be  kept  solid  for  ssiveral  hours. 

124.  WMatiotCM  Crffopkcnu* 

/^^  The  adjoining  figure  represents  the  cryophorus,  or  frost 

/OA      bearer,  an  instrument  invented  by  the  celebrated  WoUaston, 
(^  in  which  congelation  is  produced  m  one  cavity  by  rapid  con- 

r  densatkm  in  another. 

In  form,  this  instrument  obviously  difiers  but  little  from 
the  palm  glass,  already  described  (96).  It  is  supplied  by  the 
same  process  with  a  small  portion  of  water  instead  of  alcohol; 
lo  that  there  is  nothing  included  in  it  but  water,  either  liquid 
or  in  vapour. 

The  cryophorus  being  thus  made,  if  all  the  water  be  al- 
lowed to  run  into  the  bulb  near  the  bent  part  of  the  tube,  and 
the  other  bulb  be  immersed  in  a  freezing  mixture,  the  water 
will  be  frozen  in  a  few  minutes. 
RaH<male.~^TheTO  is  no  diflerence  between  the  causes  of  this  phenome- 
non and  those  by  which  the  congelation  of  water  in  vacuo  is  ejected  by 
the  aid  of  sulphuric  acid ;  excepting  that  in  the  one  case  the  aqueous  vapour 
is  absorbed  by  the  acid,  in  the  other  condensed  by  the  cold.     In  either 
itttance  it  is  rapidly  removed,  and  a  proportionably  rapid  vaporization  of 
the  water  ensues,  abstracting  the  caloric  of  fluidity  from  the  residual 
portion. 

125.  Large  Cryophorus. 


o 


This  figure  represents  a  very  large  cryophorus,  the  blowing  of  which  I 
^xiperintended,  and  by  mecms  of  which  I  have  successfully  repeated  Wol- 
loston's  experiment. 

This  instrument  is  about  four  feet  long,  and  its  bulbs  are  about  five 
mches  in  diameter. 

126.  Improved  Cryophorus. 

Two  flasks,  of  which  the  necks  have  flanged  orifices,  are  so  secured  in 
a  wooden  frame  that,  by  the  pressure  of  screws,  S  S,  and  gum  elastic  disks, 
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Ihe  orifices  ofa  lube  are  made  to  form  with  ihcm  severally,  air-ligbl  jun*  I 
tures.  The  orifices  of  thi;  tube  are  fiirnished  with  brass  flanges,  whioll  I 
coriGspoiid  with  those  terminating  the  necks  of  the  flaaks> 


Midway  between  the  junctures  a  female  screw  is  soldered  to  the  tube  for  ' 
the  insertion  of  a  valve  cock  V,  by  means  of  which,  and  a  flexible  tube 
extending  to  an  air-pump,  Ihe  flasks  may  be  exhausted,  and  then  closed. 
A  small  quantity  of  water  having  been  previously  introduced  into  one  of 
them,  if,  while  the  exhaustion  is  sustained,  the  other  flask  be  re&igeraled 
by  ice  and  salt,  the  water  will  be  frozen. 

This  apparatus  may  be  applied  to  the  purpose  of  desiccation,  by  placing 
the  article  to  bo  dried  in  one  receptacle,  and  quicklime,  chloride  of  cal- 
cium, or  concentrated  sulphuric  acid  in  the  other.  The  orifice  of  the 
receptacles  may  be  made  larger  without  inconvenience.  Two  large  cylin- 
ders, for  instance,  may  be  used. 

Chemical  CombituUion  aa  a  Cause  of  Cold. 
jnion,  although  more  frequently  the  cause  of  increased  tent 
1  many  instances  productive  of  the  opposite  effect. 


n  which  are  not  accompanied 

of  such  changes  we  are  utterij 

nson  to  wonder  when,  by  an  ab. 

cc  of  chemical   reaction,  than 

3  from  the  same  source. 

1  concentrated  sulphuric  add. 


Chemical 
perature,  is  i  , 

There  are  few  instances  of  chemical  i 
by  a  change  of  capacity.  Of  the  cause 
ignorant,  and  of  course  have  no  more  ret 
sorption  of  calorie,  cold  is  the  consequt 
when,  by  an  evolution  of  caloric,  heal  ari; 

In  the  case  of  the  solution  of  snow  ii 
ready  adduced,  wo  find  these  opposite  effects  resulting  apparently  from  tbs 
same  cause.  Under  the  same  head  of  solution,  as  a  cause  of  heat  or  cold, 
as  mentioned  that  nitre  and  nitrate  of  ammonia  produce  cold  during 
their  solution.  This  is  equally  true  in  the  case  of  many  other  salts.  But 
the  most  efficient  means  of  producing  artilicial  cold  is  the  solution  of  ice,  in  . 
consequence  of  Ihe  reaction  between  it  and  the  more  deliquescent  salts  or 
the  mineral  acids. 

[t  may  be  inferred  from  the  statements  already  made,  that  the  tempers 
tur^  of  freezing  water  or  melting  ice  is  33° ;  and  that  when  ice  is  sur- 
rounded by  other  bodies  at  a  higher  temperature,  it  will  continue  to  ab-    I 
street  from  them  the  caloric  necessary  to  its  liquefaction,  until  it  is  all  j 

ted.  It  must  be  evident  that  the  minimum  temperature  which  can  ba 
thus  attained  is  32°.  But  by  mingling  ice  in  a  divided  state,  with  certaiB 
salts  or  acids,  having  a  great  affinity  for  water,  and  which  form  with  t 
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oonponndi  oT  which  tfaefioniiig  point  is  lower  that  82°,  the  maas  will 

afated  eakiic  bom  adjoiiUDg  bodiea  in  a  mode  quite  analogous  to  that  in 

vUch  ioe  haa  heen  stated  to  operate;  while  the  nunimum  teo^erature 

attsfamble  is  as  much  lower  as  the  freezing  point  is  lower.    Thus  the 

fieoing  point  of  salt  and  snow  is  about  sbbto  of  Fahrenheit's  scale;  oons^ 

qneotly  on  mingh'ng  salt  with  snow,  the  liqueftction  of  the  resulting  mass 

will  proceed,  at  an^  temperature  above  zero,  to  abstract  calorio  mm  all 

a^oining  bodies  until  they  are  as  cold  as  the  mixture.    By  thb  addition  of 

ojstalUaed  chloride  of  odcium,  <^  of  diluted  nitric  or  sulphuric  acid,  to 

a»w,  a  compound  may  be  fonned,  of  which  the  fieezing  point  is  below 

M  St  which  mercurv  freezes,  or — 80°.    HousekeqierB  have  latterly 

trailed  themselves  of  tbe  influence  c^salt,  to  remove  ice  £poai|  the  marbfe 

ieps  at  the  entrance  of  their  dwellings;  as  in  this  way  it  may  be  'detached 

liihoat  injury  to  tbe  flMuMob 

iVUe  of  Freenng  MixiureM. 

The  IbUowing  taUes  are  taken  from  Thomson's  Outline  of  the  Sciences 
ofHeat  and  Elmtricity,  page  101. 
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MatWM. 


8bov,  or  pounded  ice 
Mmute  of  soda 
Sbov,  or  poanded  ice 
of  aoc 


Muriate  of  soda 
Nitnte  of  ammonia     - 
Sdov  -        .        - 

Diluted  nilpharie  acid 
Snow         .        .       . 
Morittie  acid 
Snow  -        -        - 

Dilated  nitric  acid 
Snow  .        -       - 

Muriate  of  lima  • 
Snow         .       .       . 
Oryit  muriate  of  lime 
8dow         .       .       . 
OyiL  muriate  of  Hme 


Mm. 


DiBgfM 


Plwtt. 

HnMlii  of  anmoiiis 

.       .       .    1} 

Walv 

» 

■        -    IJ 

lutnts  of  smsMmiA 

•    -  li 

(Moasia  ofsoda 

•    •  1? 

W«lw 

•    -  1) 

fhoyiate  of  loda 

-    9> 

Dilated  nittie  acid 

•  ^y 

Fbotphate  of  eoda 

'    9) 

Nitnte  of  ammonia 

-    65 

Diluted  nitric  acid 

-  ^> 

Snlpkateofeoda 

-    8( 

Moriatio  acid 

-    65 

Sulphate  of  foda 

-    5> 

Dilated  lolpbaric  acid 

-    45 

97*t  aniriste  of  fims 
■olphaiie 


Parts. 

2 

1 
12 

5 

5 

3 

2 

8 

5 

7 

4 

4 

5 

2 

3 

1 

2 

1 

3 

8 
10 


From  +  50oto  +  4o. 

46 

Tnm  +  50®  to  —  7». 

57 

From +  50°  to  — 120. 

62 

Prom  +  50^  to  —  210. 

n 

From  +  50®  to  00. 

60 

From  +  50°  to  +d9. 

47 

tunth  Ice. 

Oocrae  of 
cold    pro* 
doeed. 

From  any  temp,  to  —  6°. 

From  any  temp,  to  —  25P. 

From  +  36°  to  —  230. 

55 

From +  320  to  — 270. 

69 

Froih  +  320  to  —  30O. 

62 

From  +  320  to  —  400. 

72 

From  +  320  to  —  50O. 

82 

From        00  to  —  eeo. 

66 

From  —  40O  to  —  73o. 

S3 

Ttom  —  680  to  —  910. 
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STATES  IN  WHICH  CALORIC  EXISTS  IN.  NATURE. 

With  two  of  the  modes  in  which  caloric  exists  in  nature,  the  studeE 
this  Compendiuni  has  been  made  acquainted ;  and  these  are  the  only  dm 
of  its  existence  generally  recognised.  As  it  exists  in  one  of  them,  i 
called  sensible  heat,  being  susceptible  of  detection  by  the  senses,  or  by 
thermometer.  In  the  other  it  is  called  latent  heat,  because  the  quaz 
present  in  that  mode  of  existence,  is  not  open  to  those  means  of  detect 
But  even  in  this  latent  state,  caloric  is  known  to  be  influenced  by  temp 
ture;  being  liable  to  be  removed  entirely  from  vapours,  or  liquids,  by  c 
munication  with  colder  substances;  so  as  to  render  its  subsequent  presc 
in  these,  a  proof  of  its  previous  existence  in  the  matter  from  which  it  i 
have  been  abstracted. 

It  seems  to  me,  however,  that,  in  some  substances,  ealoric  evide 
exists  in  a  state  in  which  it  is  wholly  independent  of  external  change 
temperature.  In  this  predicament  I  suppose  it  to  reside  in  the  nitn 
chlorates,  and  fulminates,  and  generally  in  all  detonating  compounds* 

If,  agreeably  to  the  received  chemical  doctrines,  we  are  to  ascribe 
explosive  power  of  such  compounds  to  combined  caloric,  it  must  be  evi< 
that  its  condensation  in  them  is  wonderfully  great.  Yet  no  good  ret 
can  be  assigned  for  this  prodigious  condensation.  It  cannot  be  ascr 
simply  to  the  attraction  of  ponderable  matter;  since  the  same  ponder 
matter  which  confines  it  at  one  moment,  liberates  it  in  the  next  witl 
any  adequate  assignable  cause. 

Thus  the  presence  of  platinum  sponge,  a  cold  metallic  congeries,  cai 
the  caloric  of  a  gaseous  mixture  of  hydrogen  and  oxygen  to  escape 
plosively.  An  electric  spark,  or  the  contact  of  any  ignited  matter,.  ] 
duces  the  same  result.  The  case  of  gunpowder,  exploded  by  the  igni 
of  the  most  minute  portion  of  the  mass,  is  equally  unaccountable,  i 
likewise  the  explosive  recomposition  of  water  by  a  discharge  from 
same  galvanic  wires,  by  which  its  decomposition  may  have  been  efSxH 

The  almost  irresistible  extrication  of  oxygen  in  the  gaseous  state  fi 
oxygenated  water,  by  contact  with  the  oxide  of  silver,  is  still  more 
point  and  even  more  surprising. 

The  fixation  of  caloric  in  detonating  compounds,  I,  therefore,  consider 
a  peculiar  state,  and  due  to  some  peculiar  cause,  the  discovery  of  whi 
would  probably  unfold  many  mysteries  in  galvanism  and  electro-magn 
ism,  as  well  as  in  chemistry.  I  deem  it  more  than  probab]€rthat  electric 
is  the  principal  agent  in  these  mysterious  phenomena. 


SECTION   III. 
LIGHT. 


It  must  necessarily  belong  to  chemistry  to  treat  of  ligl 
so  far  as  it  is  productive  of  heat,  deoxydizement,  a 
other  chemical  effects,  and  so  far  as  it  is  evolved 
chemical  processes. 

According  to  Newton  light  is  a  subtile  fluid,  which 
eidier  radiated  or  reflected  from  every  visible  point 


fte  universe,  in  consequence  of  its  elasticity  or  the  sclf- 
repelient  power  of  its  particles. 

It  comes  from  the  sun,  about  ninety-five  millions  of 
miles,  in  eight  minutes,  or  nearly  at  the  rate  of  two  hun- 
dred thousand  miles  in  a  second. 

Light  appears  to  have  no  sensible  weight.  The  pro- 
ducts of  the  combustion  of  phosphorus,  carbon,  and  other 
combustibles,  appear  fully  equal  in  weight  to  the  ponder- 
sbie  matter  employed.  It  follows  that  the  loss  of  the 
light  and  heat  occasions  no  diminution  of  weight;  yet 
mough  is  emitted  by  the  flame  of  a  candle  or  lamp  to  be 
perceived  by  many  hundred  millions  of  eyes.  There  is 
not  a  luminous  point  in  the  universe,  from  which  a  sphere 
of  rays  is  not  emitted,  in  radius  equal  to  any  distance  from 
which  that  point  may  be  seen. 

Of  the  Sources  of  Light. 

As  a  source  of  light,  the  sun  is  obviously  even  more 
prolific  than  as  a  source  of  heat;  and  it  must  be  evident, 
that  all  the  processes  which  produce  ignition  must  also 
produce  light. 

There  arc  some  cases  in  which  light  is  emitted  without 
heat.  As  it  comes  to  us  from  the  moon,  as  emitted  by 
luminous  insects,  decayed  wood,  or  the  phosphorescent 
wave,  it  appears  to  be  unaccompanied  by  caloric. 

In  the  fire-Hy,  and  in  many  other  insects,  it  is  evolved 
by  vital  action. 

197.  Rj/roffion  ■,/  '-'S'''- 


W      Vi 

W    hull 


A 

^f 

j'                      C 

7-'''y 

^  -  4 

\       7    ;. 

I 


IMPONDERABLE   BDBSTAKCES. 


I 


TioiD  tho  denser  medium  into  one  whit 
diroclion. 

SupiioBe  F  G  X  Z  la  bo  a  bod;  of  w 
thesDrisce  of  the  water  porjiondicularl;  al 


raior,  it  is  bent  from  tho  perpendicc 

If  K  pencil  of  the  ■alu'  rays  faD  ai 
"    *"      ""  '  ite  tlio  water  without 


,      r  wbalevor  mii^ 

the  light  BDcl  tbe  water,  it  ouinot  caiuo  an;  defiection,  aiaca  it  must  act  equally  tm 
Hither  Bide  of  ouch  ray.  But  should  a  pencil  of  mya  pasainv  ibrough  the  tubo,  B, 
snd  penetrating  llie  water  at  C,  reacli  the  bottom,  it  would  shine  on  the  pebble,  D; 
whereas,  it  would  shine  upon  Z,  were  liie  water  remored.  The  light  in  this  cua 
passing  from  a  rarer  into  a  denser  niediuEQi  and  entering  llie  latter  obliquely,  tho 
nys  are  sttrscted  by  the  denser  medium  most  on  the  aide  nearest  to  it,  and  coBM- 
quentiy  arc  bent,  or  rcfrantcd,  from  their  previous  course. 

About  C,  US  a  centre,  describe  the  circle,  F  H  E,  and  from  A  draw  a  diameter, 
ACE,  perpendicular  to  the  iiirface  nf  the  water.  Let  the  lines  1)  C,  C  I,  rcpn- 
sent  the  palli  of  thq  light  in  passing  from  llie  tube  to  the  bottom  of  the  water, 
Wkrai  these  lines  intersect  tho  circle,  draw  K  H,  I  !•,  parallel  to  tlio  sarfacoof  the 
WBuifti  The  sngle  A  C  \\,  which  tlio  incident  ray  makes  with  the  perpendicular, 
is  caUed  the  anzle  of  incidence,  and  K  11  the  sine  of  this  angle.  I  C  K  it  caUed 
the  angle  of  retraction,  and  1  L  its  sine.  In  tlie  case  of  water,  the  sine  1  L  il 
alnavs  (bund  to  be  to  the  sine  K  II,  as  3  to  4  i  but  were  a  mass  of  glaaa  subotitated 
for  tie  water,  the  sine  of  tho  angle  of  refraction  to  Ihiit  of  incidence  would  be  asS 
to  3,  and  if  the  glass  were  roiiloccd  by  a  simihir  maw  of  diamond,  the  ratio  wouU 
be  nearly  as  2  to  5;  the  ratio  being  al^-ays  invariable  in  thn  same  medium,  what- 
ever llie  angle  of  incidence  may  be;  for  if  tlie  pencil  of  rays  wore  to  proceed  b> 
C,  from  a  lube  at  M,  mailing  the  angle  of  iucidcnce,  ACM,  and  the  angle  of  re- 
fraction, Y  C  E,  the  sine,  Y  Q,  wonid  be  to  the  line,  R  O,  in  the  seme  ratio  u  1 
L  to  K  Hi  and  this  would  hold  good  as  before  slated,  whether  F  G  X  Z  were 
water,  diamond,  crystal,  or  any  other  homoganeouB  and  transparent  refractiag 
medium.  The  refraction,  which  has  been  thus  described  as  taking  place  during 
the  passage  of  rays  fmni  air  into  other  denser  media,  equally  ensues  when  light 
paasea  out  of  such  media  into  the  air.  Nor  is  it  in  air  alone  that  it  take*  place; 
It  is  enough  that  tlie  substances  through  which  it  paases  be  of  different  densiliea, 
or  chemically  different  in  their  natures.  Combustible  liquids  or  solids  have  been 
band  to  refract  most  powerfully.  It  wni  his  discovery  of  this  association  betwoen 
combustibility  and  refracting  power,  that  led  Sir  Isaac  Newton  truly  tu  infer  Iha 
combustible  nature  of  tlie  diamond,  from  its  superior  eHicBcy  in  causing  reiVaetioil. 

As  an  illustration  of  the  caae  of  light  rsfroctod,  in  passing  out  ef  denser  nult«f 
into  rarer,  let  us  imagine  tho  eye  of  an  observer  placed  at  the  upper  orifice  of  the 
tube,  B,  in  the  figure.  Instead  of  the  pebble,  Z,  which  he  would  aea  if  the  water 
wore  removed,  the  pebble,  D,  will  be  seen  by  him.  Hence  the  well  known  power 
of  water  in  rendering  an  object  visible,  when,  in  the  absence  of  tiie  liquid,  our  view 
would  be  intercepted  by  the  side  of  the  containing  vesael ;  and  hence  lllcewise  the 
broken  image  which  a  stick  or  cord  presents  to  us,  when  seen  partially  under 

IS^.  Diffrrencc  hitictca  the  Rrfriuiiag  Infiuenre  of  a  TriiaigvIaT  Pruin,  atulqfm 

Plate  or  Punc  of  Glass. 

Tn  passing  tlirough  a  plate  of  gloss  whose  surfaces  are  parallel,  the  Tefractioa 

'hich  liglit  sustiins  from  one  siirlaco,  is  coniponeatcd  by  an  opposite  refraction  by 

lurface;  bnt  during  its  passage  through  a  prism  as  represented  in  the 

fraction  from  two  surfaces. 

Supposing  that  therefraclinv 
medium,  FGX  Z,  in  the  li2 
figure,  were  bounded  by  airbi* 
low  as  well  as  above,  and  ill 
upper  and  lower  surTacei  wei» 
parallel,  as  in  the  cosa  of  a. 
plate  or  pane  of  glasa.  a  rajr 
oT  light  in  paasing  obliqua^ 
liirough  it,  would  be  eiputUytt^ 
tracted,  on  one  ndt  as  il  iHttrw^ 
on  the  othiT  .lidi  as  it  emergtm,  i 
jr»  Hence  sAer  its  emergence,  ilfc 
will  proceed  parallel  to  iu  ' 
ginal  direcUon. 

But  should  a  njr  AH  V 


thi 

following  diagram,  it  is  subjected  to  a  concurrent 


priaro,  ai  npreflenled  in  the  foregoing  figure,  in  the  direclion  of  the  line,  A  B; 
^teeabl;  to  the  preceding  demoaalratioD,  it  will,  on  account  of  the  obliqiiit;  of  it* 
ippnMcb,  be  refracted  lownrds  C,  and  emerging  from  C,  nbliqucl;  to  another  aur- 
uee  of  the  prisna,  H  C  K,  il  will  be  agiin  most  altrected  bj  that  portion  of  the  *ur- 
ftoe  toward)  which  it  inclines.  Conaequentlj,  it  will  bo  re&aeted  so  aa  tn  proceed 
in  IliB  direciloQ  C  D. 

Thoa  it  murt  be  evident  th«t  the  two  surfaces  of  the  prism  have  ■  concurrent  in- 
flnsDce  in  bendins  the  raja  from  Ihoir  previoua  courao;  while  in  the  pone,  the  in- 
fioecee  of  one  suriiico  ia  cumpcnmlod  bj  that  of  tlte  other. 

The  line*,  L  F  and  E  F,  being  perpondiculara  to  the  siitfacBa  of  the  priam,  A  B 
L  ia  the  angle  of  incidence,  nnd  F  B  C,  the  angle  of  refraction,  to  the  aurface  at 
•hicfa  the  rajs  enter  tlie  priam.  F  C  B  ia  the  angle  of  inoidenae,  and  E  C*D,  the 
angle  of  refraction  to  the  surface  from  which  the  reya  emerge, 

129.  Dispersum  of  Light. 

Beaide*  Ibo  refraction  enatainod  by  a  pencil  of  rays, 
iiluslntioo,  they  undergo  anolliL-i  alteroljon,  the  eSecta  i 
and,  a^eeably  to  the  doctrine  of  Newton,  highly  inalru 
of  hia  Uieory  of  colonra. 

Light  appears  to  consiat  of  pnrticles  of  diSerenl  kin 
pmptity  of  producing  on  the  retina  of  the  eye  a  peculio 
cOBvejred  to  the  ■ensorinm  creates  the  idea  of  a  colour. 
acting  difierently  on  tbo  retina,  avvni  to  bo  unequally  auscr 
'n  peaaing  tbrongh  the  priam,  they  are  aepati 


isreeably  to  the  preceding 
II  wliicb  arc  rcry  pleasing, 
:tivo,  being  the  foundation 


fol  seriea 
BpectruiD. 
procMa  b;  which  they 


all  ihe  variona  colours  of  the  rainbow,  i 
ircumalnncea,  the  rays  are 
aeparated  is  called  disperaj 


J  impresaion,  which  being 
The  rays  ibui  capable  of 
iptihle  of  refraction.  Hence, 
ich  other,  forming  a  beanti- 
in  oblong  Hgura  called  the 
id  to  be  dispersed,  and  the 


(Biy  through  Ihe  hole  C.    If  the  light  thus 


,  D  O  E,  1 


■hich  had  before  produced  tli'o  Uiminoua  circle,  will  bo  refracted  and  liiiiperaed,  i 
U  to  form  the  ipectrum,  t  g  t,  cuneisting  of  the  following  coloure,  arranged  in  the 
bltowing  order — red,  orange,  yellow,  green,  blue,  indigo,  violet. 

The  red  rayaaie  found  to  be  pre-eniinenl  in  heating  power;  the  violet  asrefurk- 
"'1*  fbr  their  superior  inflnence  in  certain  chemical  changes,  dependent  on  deexi- 


f  the  Ikating,  Illuminating,  and  CJtemicai  Properties  of 

the  Rays. 

In  the  middle  of  the  spectrum,  the  rays  have  the  higli- 
«8t  power  of  illumination. 


id 
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Besides  the  rays  thus  mentioned,  there  are  invisible! 
heat- producing  raya  beyond  the  red,  and  invisible  rays 
producing  dcoxidation  beyond  the  violet.  Herschel,  to 
whom  we  are  indebted  for  the  discovery  of  these  invisible 
rays,  was  of  opinion  that  the  greatest  heating  and  deoxi- 
dizing power  existed  in  them  just  beyond  the  hmita  of  the 
vieible  spectrum. 

From  experiments  made  by  Seebeck  and  Mellone,  it 
appears  that  the  location  of  the  principal  heating  power    ( 
is  dependent  on  the  nature  of  the  refracting  medium.     A 
variety  of  transparent  hquid  media  have  been  employed, 
by  causing  them  to  occupy  the  cavities  of  hollow  glass 
prisms.     It  was  found  that  when  the  prism  was  occupied 
by  water  or  alcohol,  the  maximum  of  heat  was  in  the  yel-  i 
low  rays;  when  it  was  tilled  with  sulphuric  acid,  or  eolu-   I 
lions  of  sal  ammoniac  or  corrosive  sublimate,  the  maxi- 
mum   heat  was  in  the  orange.     In   the  spectrum   pro-   | 
duced  by  crown  or  plate  glass,  the  principal  heat  was  in ' 
the  red,  and  in  that  procured  by  flint  glass,  beyond  the 
red. 

Of  the  coloured  rays,  the  red,  being  the  least  bent  from 
their  previous  course,  are  obviously  the  least  refrangible ; 
and  it  is  no  less  obvious  that  the  violet,  being  the  most 
bent,  are  the  most  refrangible;  also  that  those  rays  which    ' 
are  found  equidistant  from  the  red  and  violet  have  a  mean    , 
refrangibility. 

An  opinion  has  been  entertained  by  some  philosopherfl 
that  there  are  only  throe  original  and  distinct  species  of  | 
light,  which  seems  lately  to  bo  sanctioned  by  one  of  the 
most  celebrated  opticians  of  modern  times.  I  allude  to 
Sir  David  Brewster,  whose  opinions  I  shall  give  by  quot- 
ing them  from  his  Treatise  upon  Optics,  page  68,  Ameri- 
can edition. 

"  Wilh  Ihe  view  of  obuiining  a  completo  BOBlfiis  of  the  Bpeetnim,  i  hnv»  «tm- 
mined  the  apBci™.  produced  by  variuuB  bodies,  and  the  changea  irliich  they  undcm 
by  absorplion  when  viewed  tlirough  virioue  coloured  media,  and  I  find  HmX  l&' 
colonr  of  evorj  part  of  liie  Bpoolrum  may  be  changed  aot  only  in  inlennty,  bol '»' 
colour,  by  the  action  of  particular  media;  and  from  these  olJacrvBtionB,  which  it 
would  be  out  of  place  here  to  detail,  I  concludo  that  Ilia  (lalar  specUam  couiularf 
three  spectra  of  equal  lengths,  viz.  a  red  spoctrum,  a  yrlloia  spectnim,  and  a  Um 
. TK.  _..■ , . :_.  .„  g[  inipnaity  about  the  mid'] 


L 


il  at  every  point  of  the  solar  ■peclmm. 
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"2.  A«  a  ccrUin  portion  of  red,  yillou>,  aiiJ  Mat  conBliluto  lelfile  lieht,  tho  colour 
of  eterr  point  of  tha  spectrum  miiy  to  eatiiHeied  u  coiiHBling  of  Uie  prodomina- 
tiBgcoIouiBlanf  point  mixed  Willi  white  ligbt.  _Jn  tile  rod  apace  there  la  moie  red 
than  ia  aectttaiy  to  mkko  white  light  with  the  bidbH  portiona  of  joltow  and  blue 
which  ciiat  there ;  in  the  jfellow  space  there  ie  more  yellow  than  ia  noceaaary  lo 
make  white  li|;ht  with  the  red  and  blue;  und  in  the  pail  o[  the  blae  apace  which 
tppeara  violet  there  ia  more  lud  ttiua  yellow,  ajid  hence  the  ciceaB  of  red  formB  a 
Tiolet  with  the  blue, 

"3.  By  absorbing  Ibe.Hceaa  of  any  colour  at  any  point  of  the  Bpoctrura  aboTe 
vhat  ia  necessary  to  torm  white  light,  wo  may  actually  cnuae  white  light  in  appear 
at  that  poialj  and  lhi>  white  light  will  poaseaH  the  remarkable  properlj  of  ramaining 
while  aRer  any  Dumbei  of  reTraciions,  and  of  beinc  decompoanble  only  by  tbtotp- 
tioD-  Sach  a  white  light  1  hare  succeeded  in  rievelopiug  in  different  porta  of  the 
■Mttium.  TheM  viewa  harmonise  in  a  remarkable  manner  with  the  hypolheaia  of 
tuee  colour!,  which  lina  been  adopted  liy  many  philosophers,  and  which  olliora  hod 
t^ted  fiom  its  incotnpntibility  with  the  phenomena  of  the  Hpec;lrum." 

130.  Triangular  Glass  Prism,  convenientlt/  mounted  on  a  unirermt  Jmnt. 

This  figure  represents  a  triangu- 
lar ginss  prism,  mounted  on  a  uni- 
versel  joint,  supported  by  a  brass 
stand,  so  as  to  be  well  qualified  for 
the  dispersion  of  tight,  agreeably  to 
the  experiments  alluded  to  in  the  pro- 
ceding  article. 

A,  the  glass  prism,  supported  at 
each  end  by  a  pivot. 

B  B,  handles  by  means  of  which 
ihc  pivots  are  turned,  so  as  to  make 
the  prism  revolve. 

C,  C,  ball  and  socket,  forming  a 
joint,  upon  which  the  plate,  D  D, 
may  be  moved  so  as  to  assume  any  servij^able  position.  ..    _  ,. 

Of  certain  Chemical  JEfecls  of  Light. 

I  have  already  adverted  to  the  calorific  influence  of 
light,  and  to  its  power  of  producing  chemical  changes. 
Among  these,  the  bleaching  power  of  the  solar  rays  is  fa- 
miliar to  every  body.  In  this  process  the  rays  appear  to 
exercise  that  modifying  influence  on  the  attraction  of  pon- 
derable matter  alluded  to  at  page  3.  Consequently  a  new 
arrangement  of  particles  ensues  in  lieu  of  that  which 
formed  the  colouring  matter.  Certain  vegetable  leaves, 
if  ciposed  to  the  sun  in  water,  have  been  found  to  yield 
ojtj'gen  gas.  Some  metallic  salts,  cspeciaUy  nitrate  of 
silver,  are  blackened  by  a  like  exposure,  owing,  as  is  al- 
leged, to  deo.xidation.  A  mixture  of  hydrogen  and  chlo- 
rine will,  in  the  dark,  remain  for  a  long  lime  without 
combining;  but  in  the  rays  of  the  sun  will  explode. 

According  to  Berzelius,  the  power  of  producing  this 
ttsiilt  exists  only  in  the  violet  rays. 


i 


128  IMPONDBRABLB  SUBSTANCES. 

Polarization  of  Light. 

This  name  has  been  given  to  a  property  of  light,  which 
causes  it  often  to  be  divided  into  two  portions,  one  of 
which  is  transmitted,  the  other  reflected,  by  the  same 
pane  of  glass:  or  one  portion  sustains  refraction  in  an 
ordinary  degree,  the  other  in  an  extraordinary  degree. 
Again,  all  these  properties  are  found  to  be  commutable, 
so  that  the  portion  of  the  rays  which  is  reflected  in  one 
case,  may  be  transmitted  in  another ;  or  that  which  in 
one  case  sustains  the  ordinary  refraction,  in  another  may 
undergo  the  extraordinary  refraction,  and  vice  versa. 

These  phenomena  are  ascribed  to  the  diflferent  positions 
assumed  by  different  sets  of  rays ;  by  which  certain  poles, 
which  the  particles  are  supposed  to  possess,  are  variously 
directed  at  difierent  times,  so  as  to  determine  their  re- 
flection or  transmission,  or  the  degree  of  their  refraction. 


PART  II. 

jlPONDERABLE   SUBSTANCES. 

[Ponderable  substances  are  conveniently  divided  into 
Jnormnic  Substancesj  or  those  derived  from  the  mineral 
kingdom,  and  Organic  Substances^  or  those  derived  from 
the  vegetable  and  animal  kingdoms.] 


INORGANIC  SUBSTANCES. 

[As  introductory  to  the  consideration  of  the  individual 
inorganic  substances,  it  will  be  expedient  to  treat  of 
Chemical  Attraction^  Definite  Proportions^  Specific  Gravity^ 
and  the  Mode  of  collecting  and  preserving  Gases.  These 
subjects  will  be  considered  in  the  four  following  sections.] 

SECTION  I. 
OF  CHEMICAL  ATTRACTION. 

The  word  chemical  has  been  used  to  designate  the  at- 
traction which  takes  place  between  heterogeneous  parti- 
cles only.  I  object  to  this  restriction  of  its  meaning,  be- 
cause I  consider  it  as  affording  a  natural  line  of  separa- 
tion between  chemical  and  mechanical  philosophy,  to 
consider  the  one  as  treating  of  masses,  or  masses  and 
particles,  the  other  of  particles  only.  Besides,  the  pro- 
cess of  crystallization,  of  which  I  shall  in  the  next  place 
treat,  arises  from  the  reaction  of  homogeneous  atoms; 
and  it  was  among  chemists  that  the  investigation  or 
observation  of  the  laws  and  phenomena  of  crystalliza- 
tion originated.  I  consider  crystallography  as  a  branch 
of  chemistry,  and  the  attraction  which  causes  homogene- 
ous atoms  to  cohere,  whether  in  the  crystalline  form  or 
otherwise,  as  a  species  of  chemical  attraction. 
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The  attraction  which  takes  place  between  homogene- 
ous particles,  is  designated  as  attraction  of  aggregaiion, 
attraction  of  cohesion^  or  homogeneous  attraction.  Tne  at- 
traction which  arises  between  heterogeneous  particles,  is 
called  chemical  qffinityj  or  heterogeneous  attraction.  . 

OF  ATTRACTION  OF  AOOREOATION  OR  COHESION,  OR 
HOMOGENEOUS  ATTRACTION. 

Of  this  kind  is  the  force  which  enables  bodies  to  resist 
mechanical  division.  Overcoming  it  does  not  alter  the 
chemical  nature  of  a  substance,  it  is  the  cause  of  crys- 
tallization. 

Of  Crystallization. 

Aknost  all  matter,  in  passing  from  the  flui^  to  the  soUd 
state,  assumes  regular  forms  called  crystals. 

As  it  is  difficult  to  conceive  that  homogeneous  atoms 
are  not  exactly  similar  in  size  and  shape,  it  is  not  won- 
derful that  when  united  by  the  same  attractive  force,  they 
should  produce  regular  forms.  To  produce  irr^ular 
forms,  the  atoms,  or  the  forces  actuating  them,  shoiud  be 
irregular.  In  fact,  as  the  deposition  of  matter  from  solu- 
tion, or  on  the  evaporation  of  the  solvent,  is  accelerated 
or  retarded,  a  corresponding  change  ensues  in  the  cr}'^s- 
talline  form.  In  this  way  various  deviations  arise  from 
the  primary  form,  which  is  assumed  under  circumstances 
which  allow  the  deposition  to  proceed  at  the  same  rate 

S)recisely.  Those  forms  which  deviate  from  the  primary 
brm  are  called  secondary.  The  various  steps  by  which 
they  are  generated  from  the  primitive  forms,  have  been 
most  ingeniously  traced,  or  inferred,  by  Hauy  and  others. 
In  some  instances,  the  primitive  form  has  been  developed 
by  cleavage. 

It  was  at  one  time  the  general  impression  that  every 
chemical  compound  had  an  appropriate  crystalline  form. 
Latterly  it  has  been  shown  tnat  certain  substances  quite 
different  in  their  nature,  as  for  instance  phosphoric  and 
arsenic  acids,  assume  the  same  forms  in  crystallizing. 
Such  substances  are  said  to  be  isomorphous. 

In  the  introduction  to  Thomson's  Inorganic  Chemistry, 
several  groups  of  isomorphous  substances  are  mentioned. 

Other  things  being  equal,  crystals  are  larger  in  proper-    . 
tion  as  their  growth  is  slower.    They  shoot  bom  eitra-  j 
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neous  bodies,  as  the  sides  of  the  receptacle,  or  from 
strings  or  sticks,  in  preference  to  crystallizing  in  an  iso- 
lated manner.  Agitation  hastens  their  production  but 
confuses  them.  The  crystalhne  texture  of  some  of  the 
trap  rocks  is  attributed  to  slow  cooling.  The  same  mat- 
ter fused  and  allowed  less  time  to  cool  forms  a  glass. 

Berzelius  alleges  that,  if  two  flasks,  both  containing  a 
saturated  solution  of  two  parts  of  iiptimte  of  potash  and 
one  of  sulphate  of  soda,  be  surrounded  with  ice  or  cold 
water,  on  introducing  a  crystal  of  nitrate  of  potash  into 
one  and  a  crystal  of  sulphate  of  soda  into  the  other, 
ciystals  will  be  formed  of  the  same  nature  as  that  of  the 
crystal  introduced  into  each  flask*  Nitrate  of  potash  will 
be  found  crystallized  in  the  flask  first  mentioncNl,  and  sul- 
phate of  soda  as  exclusively  in  the  other. 

Crystals  are  found  in  nature  and  are  produced  artifi- 
cially. 

The  precious  stones  are  native  crystals.  Carbonate  of 
lime,  common  salt,  and  gypsum  are  native  products,  often 
crystalline  in  form. 

Cftke  OmdamtUty  or  butngmaUfor  wtmsMring  the  AngUs  if  Crystals, 

Crffltals  may  appear  to  be  exactly  similar  to  the  eye ;  but  when  compared  by 
Bans  of  aficnrate  instruments  called  ^niometers,  they  will  often  be  found  to  dif- 


ftr  in  their  angles.  Of  these  instrmnents  there  are  two  constructions ;  one,  being 
mare  eas^  to  be  used,  is  of  more  general  utility ;  the  other,  contriTed  by  Wollaaton, 
is  eomphcated,  bat  when  skilfully  employed  is  capable  of  giying  more  accurate 
nsohs. 

The  inatrument  of  the  easiest  application,  and  which  is  usually  employed,  is  re- 
prtsented  by  the  following  engrayug. 

Cftke  Common  Goniometer. 
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Ito  ooDitruction  is  founded  upon  the  15th  proposition  of  Euclid,  whieh  demoD" 
■trates  that  the  opposite  angles,  made  by  any  two  lines  in  crossing  each  other,  aro 
equal.  Hence  it  follows  that  the  angles  made  bj  tlie  legs,  B  B,  B  C  B,  of  thia  in- 
strument, above  and  below  the  pivot  on  which  they  revolve,  are  equal  to,  each  other. 
Consequently,  if  they  be  made  to  close  upon  any  solid  crystalline  angle,  presented 
to  them  at  C,  they  will  comprise  a  shnilar  angle  on  the  other  side  of  the  centre 
about  which  they  turn.  This  angle  is  evident^  equivalent  to  that  of  the  crystal, 
and  is  ascertained  by  inspecting  the  semicircle,  A,  graduated  into  18(V  degrees,  pie> 
cisely  in  the  same  manner  as  a  protractor. 

The  construction  of  goniometers  is  usually  such  as  to  allow  the  le^  to  be  de- 
tached from  the  arch,  in  order  to  facilitate  their  application  to  crystalhne  angles ; 
and  yet,  so  that  they  may  be  reapplied  to  the  semicircle,  without  deranging  then 
from  the  angle  to  which  tne^  may  have  been  adjusted. 

The  piece  of  brass,  in  which  the  piyeC  is  fastened,  slides  in  a  i^t  in  each  leg;  » 
as  to  permit  them  to  be  made  of  a  suitable  length,  on  the  side  on  which  the  ciy»' 
tal  is  applied. 

Cf  WtXiasUrrCs  GoniomeUr. 

The  process  by  which  angles  are  ascertained  by  means  of  Wollaston's  goniome' 
ter  is  as  follows : — 

The  crystal  to  be  examined  is  attached  to  an  azb,  and  so  adjusted,  by  means  of 
suitable  mechanism,  that  the  image  of  a  window  bar  may  be  seen  re£[ected  from 
one  of  the  crystalline  faces,  so  as  to  coincide  with  a  line  (seen  directly)  drawn  on 
the  wall  under  the  window,  parallel  to  the  window  bar.  By  a  partial  revolution  of 
the  axis,  and  consequently  of  the  crystal,  a  similar  coincidence  of  the  images  of  the 
bar  and  line  is  produced  by  means  of  another  face  of  the  crystal,  being  the  next  te 
that  first  employed. 

Meanwhile  tne  number  of  degrees  of  a  circle  moved  through,  in  changing  the 
crystal  from  the  first  to  the  second  position,  is  measured  by  an  index  on  a  gradoBtad 
arch,  and  the  degrees  of  the  angle,  which  the  surfaces  miake  with  each  otheij  thus 
ascertained. 

Various  Modes  of  causing  Artificial  Crystallization. 

Fusion  followed  by  congelation. — Instances:  Crystal- 
lized sulphur,  bismuth,  antimony,  zinc. 

Solution  followed  by  evaporation  in  open  vessels. — Exem- 
plified by  salts,  acids,  alkalies,  sugar. 

Solution  with  heat  followed  by  refrigeration. — Most  of  the 
substances  which  crystallize  by  evaporation,  yield  crys- 
tals in  this  way. 

Solution  followed  by  vaporization  at  the  boiling  heat* — 
Crystals  may  be  thus  obtained  from  many  salts,  but  are 
always  minute. 

Solution  followed  by  saturation. — Instances:  Potash  sa- 
turated by  carbonic  acid  or  chlorine. 

Std>limation. — This  comprises  the  idea  of  vaporization, 
and  condensation  into  a  state  of  solidity.  Instances: 
Corrosive  sublimate,  calomel,  iodine,  arsenic. 

Solution  followed  by  precipitation ;  as  in  the  case  of  the 

arbor  Dianae  and  arbor  Saturni. 

■ 

131.  Crystalline  Specimens  exhibited. 
A  wooden  arch,  about  fifteen  inches  high  and  a  foot 
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encrusted  with  fine  blue  crystals  of  the  sulphate  of 
:o}^r. 
Orystals  of  corrosive  sublimate  and  calomel. 
Crystals  of  sulphur^  arsenic,  bismuth,  antimony,  &c. 

Of  Decrysiallization. 

It  has  been  ascertained  by  Mr.  Daniell  that  crystals 
may  be  partially  developed  by  solution.  When  alum  is 
slowly  dissolved,  its  crystalline  structure  becomes  very 
evident. 

Of  Water  of  Crystallization. 

The  well  known  spicules,  which,  by  their  appearance  on 
the  surface  of  water,  indicate  incipient  freezing,  are  crys- 
tals. In  fact,  it  was  from  the  Greek  name  for  ice,  n^vfm^yj^^ 
that  the  word  crystal  was  adopted ;  as  crystals  were  cor- 
rectly considered  as  the  products  of  a  process  analogous 
to  fireezing.  This  is  strictly  true  in  the  case  of  crystals 
resulting  from  the  congelation  of  matter  from  a  state  of 
fusion.  Water  enters  into  the  constitution  of  many  crys- 
tals which,  when  robbed  of  it  by  heat  or  desiccation,  lose 
the  crystalline  form.  The  water  thus  situated  is  called 
water  of  crystallization.  Some  substances  combine  with 
water  in  different  proportions,  and  consequently  assume 
different  forms;  others  crystallize  with  or  without  water, 
with  a  corresponding  diversity  of  form.  These  results 
are  dependent  upon  variations  of  temperature  in  the  sol- 
vent at  the  period  of  the  crystallization.  At  86'',  sul- 
phate of  soda  crystallizes  without,  at  40°,  with  water 
of  crystallization.  Chloride  of  sodium,  which  is  ordinarily 
anhydrous,  is  made  to  unite  with  water  of  crystallization 
at  8°  below  zero. 

Crystals  usually  hold  within  their  crevices  more  or 
less  of  the  solution  in  which  thev  have  been  crystallized. 
Hence  the  decrepitation  of  chloride  of  sodium  and  other 
anhydrous  salts  when  heated,  from  the  vaporization  of 
the  water  so  held.  The  larger  the  crystals,  the  more 
they  are  subject  to  this  impurity. 


Of  the  Consequences  of  excluding  the  Air  from  a  satU' 
rated  Solution  of  Sulphate  of  Soda  while  boiling. 

Several  matrasses  are  sealed,  so  as  to  be  air-tight, 
while  containing  a  boiling  saturated  solution  of  GUwber'^s 
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salt.  The  solution  remaiDS  liquid,  so  long  as  undisturbed, 
but  on  the  admission  of  the  air,  will  often  become  a  com- 
pact crystalline  mass  within  a  few  seconds.  In  other 
cases,  it  will  continue  liquid  for  some  time,  even  for  24 
hours,  and  may  then  crystallize  on  being  poured  out  of 
the  matrass.  Sometimes  it  crystallizes  in  the  neck  of 
the  vessel  while  the  operator  is  pouring  it  out ;  at  others, 
allowing  a  crystal  or  other  body  to  faU  into  the  solution, 
causes  crystals  to  shoot.  -  No  satisfactory  explanation  has 
been  afforded  of  this  phenomenon.  It  seems  as  if  the  re- 
pulsive and  attractive  powers  were  so  nearly  balanced  as 
to  enable  a  slight  external  force  to  determine  the  prepon- 
derancy  in  favour  of  the  latter.  That  there  is  an  evolu- 
tion of  caloric,  consequent  to  the  congelation,  is  rendered 
evident  by  a  rise  of  temperature. 

132.  Experimental  Illustration. 
A  solution  of  sulphate  of  soda,  saturated  at  a  boiling 
heat  and  sealed  up  air-tight  in  a  glass  flask,  remains 
liquid  until  it  is  opened,  and  then  crystallizes  either  spon- 
taneously or  from  slight  causes.* 

OF  CHEMICAL  AFFINITY,  OR  HETEROGENEOUS  ATTRACTION. 

« 

This  attraction  is  never  subdued  mechanically,  unless 
when  nearly  balanced  by  repulsion ;  as  in  the  case  of  com- 
pounds which  may  be  exploded  by  percussion,  or  of  elas- 
tic fluids  combined  with  liquids.     See  article  99. 

To  sever  elements,  united  by  chemical  affinity,  the 
finest  edge  producible  by  human  art  is  utterly  incompe- 
tent. Thus,  chalk  consists  of  lime  and  carbonic  acid; 
vermilion,  of  sulphur  and  mercury.  Yet  when  reduced 
to  powders  perfectly  impalpable,  the  minutest  particle, 
whether  of  chalk  or  vermilion,  contains  the  same  ingre- 
dients as  the  mass,  and  in  the  same  proportion. 

*  The  details  of  crystallography,  as  they  have  been  presented  hy  Haiij  i^ 
others,  are  of  themselves  so  copious,  as  to  require  greater  exertion  of  the  maiMij 
than  all  the  chemistry  which  I  would  expect  a  candidate  for  graduation  to  km. 
It  is  one  of  those  subjects  of  which  the  acquintion  may  be  advantageoudr  poilr 
poned,  until  much  other  knowledge  has  been  acquired.  Consequently  as  this  pn-  1 
Uminary  knowledge  is  more  than  sufficient  to  occupy  all  the  time  which  is  aDoM  j 
to  my  course  of  lectures,  I  have  omitted  some  pages  respecting  cryitallialioi 
which  were  introduced  into  the  last  edition  of  this  work. 
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D^erent  Ckues  of  Affinity  • 

First  Case — Simple  Combination. — A  and  B,  two  hete- 
rogeneous substances,  unite  and  form  the  compound  A  B. 

Instances. 

Copper  with  zinc  forms  brass. 
ry      with  tin,      jj     bronze. 

Antimony  with  lead  forms  type  metal. 

Magnesia  with  sulphuric  acid  forms  Epsom  salt,  or  sul- 
phate of  magnesia. 

Soda  with  sulphuric  acid  forms  Glauber's  salt,  or  sul- 
phate of  soda. 

With  mercury,  various  metals  form  amalgams. 

133.  Experimental  Illustration. 

A  portion  .of  gold  leaf,  being  triturated  with  mercury, 
disappears,  forming  a  chemical  compound  with  the  mer- 
cury, in  consequence  of  the  inherent  attraction  or  affinity 
between  the  heterogeneous  particleSf 

Second  Case  of  Affinity. — Called  single  elective  attraction, 
or  simple  affinity. 

A  and  ]&,  two  heterogeneous  particles,  being  united  in 
the  compound  AB,  C,  another  particle,  being  blended 
with  them  in  solution,  unites  with  one  of  them,  as*  A,  to 
the  exclusion  of  B. 

In  this  case,  C  is  said  to  decompose  AB,  and  to  have  a 
greater  affinity  for  A  than  for  B. 

134.  Experimental  Illustration. 

Potash  being  added  to  a  solution  of  sulphate  of  mag- 
nesia, the  magnesia  precipitates  in  white  flocks.  A-  like 
result  takes  place  on  adding  a  solution  of  potash  to  a  so- 
lution of  sulphate  of  alumina. 

Rationale. — Sulphate^of  magnesia  consists,  as  its  name 
implies,  of  sulphuric  acid  and  magnesia.  The  affinity 
existing  between  the  potash  and  the  acid  being  greater 
than  between  the  acid  and  the  magnesia,  the  latter  is  dis- 
placed from  combination,  and,  being  by  itself  insoluble, 
precipitates.  An  analogous  explanation  will  apply  in  the 
case  of  the  alumina.    In  each  case,  the  affinity  of  the  acid 
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for  the  alkali  predominates  over  that  of  the  acid  for  the 
earth. 

Third  Case  of  Affinity. — Called  double  elective  aitracHon^ 
or  complex  canity* 

The  compound  formed  by  the  particles  A  and  B,  being 
blended  in  solution  with  the  compound  formed  by  C  and 
D, — A  combines  with  D,  and  B  with  C. 

135.  Experimental  Illustration. 

A  B  AD 

Sulphate  of  zinc  ^  C  Sulphate  of  lead 

being  mixed  with  >  forms  <  and 

Acetate  of  lead,    S  f  Acetate  of  zinc. 

CD  C  B 

Fourth  Case  of  Affinity. — A  and  B  being  in  union,  C, 
added  in  excess,  combines  with  both  A  and  B. 

When  ammonia  is  added  to  certain  solutions  of  metal- 
lic salts,  those  of  copper  or  silver  for  instance,  it  operates 
at  first  as  the  potash  does  in  the  case  of  single  elective  at* 
traction  abovementioned,  and  the  oxide  of  copper  or  silver 
precipitates.  But  if  the  ammonia  be  added  m  such  quan- 
tity, as  that,  after  all  the  acid  shall  have  been  saturated, 
there  shall  be  an  excess  of  alkali,  this  excess  will  combine 
with  the  precipitated  metalhc  oxide,  forming  with  it  a  so- 
luble compound  which  dissolves.  Hence  the  menstruum 
which  is  at  first  rendered  turbid,  afterwards  becomes  clear, 
and,  in  the  case  of  the  copper,  assumes  a  beautiful  and 
characteristic  blue  colour. 

136.  Experimental  Illustration. 

Liquid  ammonia  being  poured  into  a  solution  of  cop- 
per, at  first  precipitates  the  metal  in  green  flocks ;  but, 
when  the  alkali  is  added  in  excess,  these  flocks  disappear, 
and  a  beautifiil  blue  solution  results. 

137.  Additional  Illustrations  of  Chemical  Affinity. 

In  order  to  show  the  wonderful  power  of  chemical  re- 
agents in  producing  striking  changes,  some  additional 
exemplifications  of  chemical  aflinity  will  here  be  giv^* 
This  exhibition  may  excite  curiosity  in  the  learner  and 
afibrd  gratification,  although  unprepared  to  understand 
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the  intricate  play  of  affinities  by  which  the  results  are 
accomplished. 

Experiments. 

Silver  precipitated  by  mercury,  mercury  by  copper, 
and  copper  by  iron. 

Conversion  of  two  liquids  into  an  adhesive  mass  by 
mingling  sulphuric  acid  with  a  solution  of  muriate  or  ni- 
trate of  Hme. 

Solution  of  ferroprussiate  of  potash,  added  to  solutions 
of  copper  and  iron. 

Solution  of  chromate  of  potash,  added  to  solutions  of 
lead,  mercury,  and  silver. 
\      Ammoniacal  nitrate  of  copper  or  silver,  added  to  arse- 
nious  acid. 

Of  Cohesion  as  an  Opponent  to  Chemical  Combination^ 

There  are  many  substances,  among  others  carbon, 
which,  under  certain  forms,  in  consequence  of  greater 
hardness,  are  much  less  susceptible  of  chemical  reaction, 

I  than  under  others.  Thus  the  diamond,  anthracite,  char- 
coal, and  tinder  are  varieties  of  carbon,  which  are  en- 
dowed with  a  susceptibility  of  combustion  inversely  as 
their  hardness.  Tinder  is  proverbially  ready  to  take  fire, 
while  the  diamond  is  only  to  be  ignited  by  the  aid  of  ex- 
treme heat,  and  an  unusual  supply  of  oxygen.  Magnesia 
and  lime,  after  exposure  to  the  flame  of  the  compound 
blowpipe,  become  almost  insusceptible  of  the  action  of 
acids,  which  otherwise  would  readily  dissolve  them.  In 
these  cases,  it  would  really  appear  that  the  attraction 
between  the  homogeneous  atoms  counteracts  the  hetero- 
geneous affinity  which  would  sever  them.  Yet  I  con- 
ceive it  to  be  an  error  to  confound  the  obstruction  to 
chemical  reaction  thus  created,  with  that  which  arises 
from  the  restriction  of  the  surface  in  contact  with  the  sol- 

I  vent.  Other  things  being  equal,  there  will  evidently  be 
more  action  in  proportion  as  the  points  of  contiguity  are 
multipUed,  and  vice  versa.  Thus  the  action  of  an  acid 
win  be  less  rapid  upon  a  metallic  ball,  than  upon  the  same 
weight  of  metal  in  the  state  of  foil,  fine  wire,  or  turnings; 
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ahhough  the  attraction  of  the  homogeneous  particles  is 
quite  as  energetic  in  the  one  case  as  in  the  other. 

138.  Effects  of  Mechanical  Division  experimentally  iUus- 

trated* 

If  a  ball  of  brass  be  put  into  one  glass,  and  only  half  its 
weight  of  brass  filings  or  turnings  into  another,  on  adding 
nitric  acid  to  both,  a  violent  efiervescence  will  ensue  in 
the  one,  while  in  the  other,  the  reaction  will  hardly  be 
discernible. 

139.  In/luenqe  of  Solution  in  promoting  Chemical  Reaction^ 

experimerUauy  illustrated. 

Tartaric  acid  and  a  carbonate,  although  intimately  in- 
termingled in  a  pulverulent  state,  do  not  react  until  moist- 
ened, when  a  lively  efiervescence  ensues. 

140.  Exception  to  the  Law  that  Chemical  Action  requires 

Fluidity  J  experimentally  illustrate* 

If  slaked  lime  and  muriate  of  ammonia  in  powder  be 
mixed,  the  pungent  fiimes  of  ammonia  will  be  perceived. 

Tables  of  Affinity. 

These  consist  of  a  series  of  substances,  placed  in  a 
column,  in  the  order  of  their  afiinity  for  any  one  substance 
at  the  head  of  the  colunm.  The  following  is  an  exam- 
ple:— 

Sulphuric  Add. 

Baryta, 

Strontia, 

Potash, 

Soda, 

Lime, 

Magnesia, 

Ammonia. 
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SECTION   II. 

OF  DEFINITE    PROPORTIONS. 

Hie  proportioD9  have  been  long  known  to  be  invariable,  in  which  sub- 
it&Does  must  be  mixed  in  order  to  saturate  each  other,  or  to  produce  a 
oompound  in  which  the  peculiar  characters,  or  affinities  of  the  ingredients, 
are  eztingiiished. 

When  substances  combine  in  other  proportions  than  those  of  saturati^, 
their  ratio  is  no  less  definite  and  constant. 

There  is  not  in  any  case,  except  the  peculiar  one  of  solution,  an  inde- 
fimte  gradation  in  the  proportions  in  which  bodies  combine.  There  are 
rarely  more  than  four  gradations. 

Tbe  number,  representing  the  least  proportion  in  which  a  substance  is 
known  to  combine,  will,  in  a  great  majority  of  cases,  divide  the  numbers 
representing  the  greater  proportions  without  a  fraction;  and  where  this 
result  is  unattainable,  it  will  still  be  found  that  the  larger  proportion  may 
be  divided  by  the  half  of  the  lesser  without  a  remainder. 

Let  A,  B,  and  C  be  certain  substances,  and  let  X,  Y,  and  Z  be  otlier 
sobitaDoes,  severally  having  an  affinity  for  either  A,  or  B,  or  C.  Let 
each  of  the  former  and  each  of  the  latter  be  combined  in  the  least  possible 
proportion.  Consequently,  the  least  combining  proportion  of  each  sub- 
stance will  be  found  three  times.  It  will  appear  that  the  proportions  of 
A,  B,  and  C,  found  by  combining  them  with  a,  will  be  in  the  same  ratios 
to  each  other,  as  the  proportions  found  by  combining  them  with  Y,  or  Z ; 
and  reciprocally,  that  the  proportions  of  A,  Y,  and  Z,  will  have  the  same 
rndos,  whether  ascertained  by  their  combination  with  A,  B,  or  C. 

When,  instead  of  ascertaining  the  least  combining  proportions  of  six 
substances,  the  experiment  has  been  extended  to  any  larger  number,  the 
same  uniformity  has  been  found  to  prevail  in  the  ratios  of  the  numbers 
representing  those  proportions.  It  has  also  been  found  that  when  numbers 
are  ascertained  which  express  the  ratio  of  the  least  combining  proportions 
ofa  variety  of  substances  to  any  one  substance,  as  for  instance  to  oxygen, 
those  numbers  will  express  the  ratios  of  the  least  combining  proportions  of 
die  substances  in  question  to  each  other. 

Numbers  representing  least  combining  proportions  are  called  chemical 
nfdvaUnts.  As  they  are  merely  expressive  of  ratio,  they  may  be  multi- 
plied by  any  common  multiplier,  or  divided  by  any  common  divisor,  with- 
out affecting  their  correctness. 

They  are  usually  so  computed  as  to  make  the  equivalent  of  oxygen,  or 
of  hydrogen  b  1.  As  the  equivalents  of  these  substances  are  as  1  to  8, 
it  follows  that  if  hydrogen  be  represented  by  unity,  oxygen  will  be  8.  If 
oiy^  be  unity,  hydrogen  will  be  0.126,  or  one-eighth  of  one.  Conse- 
quently, equivalents,  formed  upon  either  basis,  may  be  converted  into  those 
corresponding  with  the  other,  either  by  multiplying  or  dividing  by  8. 
By  Berzelius,  WoUaston,  and  Thomson,  oxygen  has  been  made  the 
\  Handard.  Berzelius  assumes  it  at  100,  Wollaston  at  10,  and  Dr.  Thom- 
•on  at  1.  The  only  difference  between  the  equivalents  founded  upon  these 
woben,  is  in  the  position  of  the  decimal  point. 
20 


\ 
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€f  Tables  of  Chemical  EqidvaienU*^ 

In  these  the  equivalents  of  all  known  bodies,  so  &r  as  asoertained,  ai« 
arranged  alphabeticallj. 

Such  tables  are  of  great  utility  in  practical  chemistry.  The  operatife 
chemist  may  frequently  resort  to  them  with  advantage.  They  enable  him 
to  store  his  memory  with  data  adequate  to  the  solution  of  a  great  number 
of  questions  which  must  necessarily  arise.  If  he  wishes  to  know  how 
much  of  any  two  substances  he  must  take  to  form  a  third,  he  has  only  to 
recollect  or  look  for  their  equivalents  in  the  table,  and  seek  a  solution  by 
the  rule  of  three.  For  as  the  equivalents  of  the  substances  are  to  earn 
other,  so  are  the  quantities  of  them  to  be  used.  Should  it  be  an  object  to 
produce  only  a  certain  weight  of  a  compound,  then  as  the  equivateot  of 
the  compound,  is  to  that  of  either  of  the  ingredients,  so  is  the  weight  of  the 
compound  required,  to  the  requisite  weight  of  either  ingredient. 

In  order  to  know  how  much  of  the  proper  materials  he  must  use  to  ef» 
feet  a  decomposition,  he  has  only  to  employ  them  in  the  ratio  of  their  lo- 
spective  equivalents. 

Moreover,  when  the  proportions^  afibrded  by  analysis,  do  not  hannonixe 
with  well  ascertained  equivalents,  we  are  warned  of  the  existence  of  some 
inaccuracy,  which  in  many  cases  may  be  safely  corrected  so  as  to  make 
the  results  accord  with  them. 

141.  WoUasion^s  Scale  rf  Efutvalenis* 

This  instrument  is  so  constructed  that  the  computation  requisite  in  using 
the  eauivalents  is  performed  by  a  slide. 

It  nas  been  mentioned  that  the  equivalents  may  be  expressed  in  any 
numbers  having  the  same  ratios  to  each  other  as  the  least  combining  pro- 
portions of  the  substances  which  they  represent.  The  sUde  enables  us  to 
adopt  any  such  numbers  as  may  be  convenient.  Equal  distances  on  the 
slide  give  the  same  ratios  in  di^rent  numbers.  If,  by  moving  the  sikk, 
we  vary  one  equivalent  to  100  for  instance,  the  other  equivalents  vary 
proportionably. 

Of  the  Atomic  Theory. 

Extension  has  been  proved  to  be  infinitely  divisible,  and  it  is  not  (fiffi- 
cult  to  suppose  that  the  matter,  comprised  within  any  given  limits,  may 
be  susceptible  of  as  many  subdivisions  as  the  space  in  which  it  is  con- 
tained. On  the  other  hand,  it  is  obvrous,  that  mechanical  division  mint 
be  limited  by  the  imperfection  of  the  edges  or  sur&oes  employed  to  ac- 
complish it. 

Were  atoms  chemically  divisible  ad  infinitum,  any  one  substance,  how- 
ever small  in  quantity,  might  be  diffused,  in  a  state  of  chemical  comfaiiia* 
tion,  throughout  any  other,  having  an  affinity  for  it,  however  great;  (or 
as  no  one  particle  in  the  latter  would  exercise  a  stronger  affinity  than 
another,  it  would  be  unreasonable  to  suppose  that  each  should  not  have  its 
share.  That  such  a  diffusion  is  impracticable  must  be  evident  from  tbe 
smallness  of  the  number  of  definite  proportions  to  which  substanoM  in 
combining  are  restricted,  as  already  mentioned  when  upon  the  subject  of 
equivalents.  Hence  elementary  atoms  are  not  considered  as  liaUe  to  an 
unlimited  subdivision,  either  by  chemical  or  mechanical  agency. 

The  ratios  of  the  equivalent  numbers  are  supposed  to  be  d^pendaitcB» 
and  identical  with,  those  of  the  weights  of  the  integrant  atoms  of  the  inb- 

"*  See  Appendix  for  a  Table  of  Equivalents. 
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10  which  they  appertain.  Thus  the  (act  that  82  parts  by  weight 
of  soda  will  saturate  as  much  of  any  acid  as  48  parts  of  potash,  is  ex- 
BUoed  by  supposinff  that  the  weights  of  the  smallest  atoms  of  those  al- 
kalies which  can  exist,  are  to  each  other  as  32  to  48. 

In  like  manner  it  is  explained  that,  when  neutral  salts  are  made  recipro- 
cally to  decompose  each  other,  no  excess  of  either  ingredient  is  in  any  case 
okKnrahle.  The  lime  in  nitrate  of  lime  is  to  the  potash  in  an  equivalent 
weight  of  the  sulphate  of  potash,  as  28  to  48,  yet  neither  is  the  lime  in- 
nompetfWBt  to  take  the  place  of  the  potash,  nor  is  there  too  much  potash  to 
take  the  place  of  the  lime.  This  result  is  intelligible,  if  we  suppose  that, 
when  quantities  just  adequate  for  reciprocal  decomposition  are  empk)yed, 
dnre  18  an  equal  number  of  atoms  of  each  salt;  the  one  containing  as 
aany  atoms  of  potash  weighing  48,  as  the  other  contains  atoms  of  lime 
ipadiiiig28. 

"nie  same  explanation  applies  to  the  fact  that,  while  the  sulphuric  acid 
in  the  sulphate  of  potash  is  to  the  nitric  acid  in  the  nitrate  of  lime  as  40  to 
54,  yet  thiere  is  neither  too  much  of  the  latter  acid  nor  too  little  of  the  for- 
mer, to  produce  neutral  compounds  with  the  bases  to  which  they  are  se- 
venJly  transferred. 

On  account  of  the  hypothetical  association  of  the  numbers,  representing 
the  least  proportions  in  which  bodies  are  known  to  combine,  with  the  sup- 
posed rdatiTe  weight  of  their  atoms,  those  numbers  are  as  well  known  by 
tlie  appellation  ofatonde  weights^  as  by  that  of  chemical  equivalents. 

Of  Chemical  Stfmhoh, 

I  shall  translate  from  Berzelius  an  account  of  the  symbols  which  he  has 
devised,  and  which  it  would  be  well  to  understand,  as  they  will  oAen  be 
met  with.  Objections  have  been  made  to  some  part  of  his  plan,  but  in  ge- 
neral I  believe  it  will  be  expedient  to  adhere  to  it ;  since  whatever  Berze- 
lius reconmiends,  awakens  the  attention  of  chemists  universally,  and  must 
cause  his  symbols  to  be  generally  understood  throughout  the  chemical 
world. 

"We  select  (says  he)  as  symbols  the  initial  letters  of  the  latin  names  of 
ixxlies.  When  the  names  of  several  bodies  have  the  same  initial,  we  add 
to  each  a  letter  which  it  has  not  in  common  with  the  rest ;  as,  for  instance, 
C  signifies  carbon,  CI  chlorine,  Cr  chromium,  Cu  copper,  Co  cobalt. 
When,  however,  the  names  of  a  metallic  and  non-metallic  element  com- 
mence with  the  same  letter,  no  additional  letter  is  added  to  the  latler.  But 
vhen  two  non-metallic  elements  have  a  common  initial,  it  is  necessary  to 
distinguish  one  by  means  of  an  additional  letter.  Thus,  to  distinguish 
chlorine,  bromine,  and  silicon,  severally,  from  carbon,  boron,  and  sulphur, 
the  symbols  of  the  former  are  CI,  Br,  and  Si,  while  those  of  the  latter  are, 
simply  C,  B,  and  S.  "-  "* 

**  The  number  of  atoms  is  designated  by  cyphers.     A  cypher  placed  to 

the  left  multiplies  all  the  symbols  to  the  right,  as  far  as  the  first  cross,  + 

or  the  whole  formula.     A  little  cypher  situated  to  the  right  of  a  symbol, 

tad  a-Ii|tle  above  its  level,  multiplies  that  symbol  only.     Thus  S'O^ 

ngmfiea  ine  atom  of  hyposulphuric  acid,  consisting  of  two  atoms  of  sul- 

ohor  and  Me  of  oxygen;  while  2S'0'  signifies  two  atoms  of  the  same  acid. 

IB  floch  cMjo  as  that  just  cited^  >n  which  two  atoms  of  the  radical  are 

mated  with  one,  three,  or  five  of  oxygen,  the  expression  for  the  former 

would  be  abbreviated  advantageously  by  having  a  specific  sign  for  a  dou- 

Ue  atom.    The  sign  which  I  have  &dM^  for  this  purpose,  is  a  dash 
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across  tlie  lower  pari  of  llit?  symbolic  letter.  Thus  P  signifies  a  m(^ 
atom,  J^*  a  double  olom  of  phosphorus.  Compound  atoms  of  the  &a 
order  are  expressed  aa  iu  ihe  following  example  of  sulphate  of  cxippepM 
CuO+SO'.  The  irisiilphnlf  of  the  sesqiiioxide  of  iron  would  be  m 
pressed  by  FeO'  +  3SO^. 

"  It  may  be  expedient  to  designate  ihe  number  of  atoms  of  oxygen  by 
dots  placed  over  the  letters  symbolic  of  radicals.  Thus  we  may  designatt 
the  sulphate  of  copper  by  CuS,  the  trisulphato  of  the  sesquiojiide  of  irdfi, 
by  FeS'." 

IA»t  of  Ike  Alomic  Weight*  of  the  Simple  Ponderable  Stibittancei,  to- 
gether with  their  St/n^olt. 
Aa  the  atomic  numbers  are  practically  useful,  enabling  us  to  know  tht 
proportions  in  which  substances  are  combined,  or  in  which  they  should 
be  used  to  produce  compounds,  it  is  advnnlageous  to  commit  them  to 
memory  as  far  as  possible.  The  whole  number  of  substances  recognised 
as  elementary,  agreeably  la  the  present  state  of  our  knowledge,  is  (iA;- 
four.  Of  these,  little  more  than  half  are  of  sulBciently  frequent  reott- 
rence  either  in  speculation  or  in  practice,  to  make  it  desirable  to  reniember 
their  numbers.  I  will  quote  them,  therefore,  in  two  distinct  tables.  ThoM 
of  which  a  knowledge  is  likely  to  be  rarely  tn  demand,  1  have  subjoined 
in  smaller  type.  The  symbols  are  given  in  a  separate  colunm.  In  ob» 
diencB  to  tho  example  of  the  British  chemists,  1  employ  Po  and  So,  instead 
of  K  and  Na,  as  the  symbols  of  potassium  and  sodium. 
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Symbol. 

Wt». 

Symbol. 

Wli. 

Aluminium 

Al      -         -         14 

Lithium 

L      - 

t 

Antimony 

Sh 

64 

Magnesium 

Mg    -        . 

» 

As 

38 

Mercury 

Hg    -        - 

«W 

Barium 

Ba 

69 

Nitrogen 

N      -        - 

u 

Bismuth 

Bi 

71 

Oxygen 

0     . 

» 

Boron 

B 

11 

Phosphorus 

P      - 

M 

Bromine 

Br 

79 

Platinum 

PI      - 

M 

Calcium 

Ca 

20 

Potassium 

Po     . 

a 

Carbon 

C 

6 

Selenium 

Se     . 

<f 

Chlorine 

CI 

36 

Silicon 

Si      . 

i 

Copper 

Ou 

32 

Silver 

Ag    . 

uj 

Pluorine 

F 

18 

Sodium 

sl    .       . 

w 

Gold 

Au 

200 

Strontium 

Sr      . 

<t 

Hydrogen 

H 

1 

Sulphur 

S       . 

1* 

Iodine 

I 

128 

Tellurium 

Tb     . 

w 

Iron 

Fe 

28 

Tin 

Sn     . 

i» 

Lead 

Pb 

104 

Zinc 

Zn     . 

w 

Cidnimm 

Cd           .        .        56,Oeroium 

Ob 

iQli 

Cerium 

Cb 

-        4S 

Pallsdium 

Pd 

3 

Chromium 

Cr 

-        28 

Rhodiam 

a 

• 

Cobili 

Co 

-        30 

Thorium 

Tb 

aa 

T« 

.       185 

TitBuium 

Ti 

fli 

G 

19 

Ksr 

W 

M 

Iridiom 

Ir 

gy 

U 

4l 

SB™ 

Nictel 

Mn 

28 

Vinadiura 

V 

a 

Mo 

4d 

Yttriiun 

T 

m 

Ni            -        ■        30 

ZiroonioD 

Zr 

» 

*  loBtBid  of  pluiiifr  the  duh  tcrou  the  lover  part 

of  the  letter,  it  u  n 

^ 

p/tced  under  i 

,  u  tho  former  mode  lequiin  type  casl  for  the  (iijrpoie. 

J 
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o  ex]»«riiiienU  made  bj  Maim.  Petit  and  Dulong,  thai  the 
Mpacities  for  lioat,  or  apeciGo  hosts,  of  all  elamontsry  aloma  are  tlie  same^  so  tlinl 
if  tbe  ipecific  beat  af  any  one  congeries  of  atoms  liu  Icati  iJjaii  that  of  aiiotlior  hsv- 
in*  the  mne  weight,  it  is  because  tlie  atoms  of  tlio  ono  Wing  hosTier  Ihaii  those 
oitlie  other,  there  are  fewer  of  them  in  the  same  weight.  Hence  as  the  capacities, 
orepecific  bests,  of  eletDCDt&rr  subsUuices  are  greater  as  estimated  in  (be  mass,  the 
weights  of  their  atoms  are  leta;  so  tliat  if,  in  the  case  of  each,  its  atomic  weight  be 
mnltiplieil  by  its  specific  heat,  the  product  will  in  general  be  so  nearly  the  ssme, 
dwt  ttie  difietvnce  may  be  ascribed  to  the  inaccuracy  unavoidable  in  experimental 
ilTBsligstioiu. 

ItespecLnv  this  bigblj  important  sad  interesting  inferBnea  of  Petit  and  Dulong, 
Profenor  A.  D.  Bache  hss  endeavoured  to  show  m  an  aiticla  published  in  the  Jour- 
■al  of  the  Academy  of  Natural  Sciences,  that  multiplying  the  equivalents  of  twelve 
pineipa]  melali  into  their  specific  best,  gives  results  ao  widely  doviatino  from  uni- 
■bmiitf  as  to  take  all  plausibility  from  the  hypothesis  that  the  atoms  of  simple  bo- 
tes have  the  same  specific  boat. 

Or.  Thomson  hu  observed  that  this  law  is  more  likely  to  bo  true,  since  it  holds 
ttni  wllhout  doubt  in  the  case  of  the  gases  ;  and  Ibat  ifit  be  true  we  have  only  to 
divide  the  specific  beat  of  hydrogen  by  the  atomic  weight  of  anj  body,  tofind  its 
■peciGc  best.  Moreover  llial  the  speciHc  heats  thus  found  agree  very  nearly  with 
IMM  UMrtained  eiperimentally. 


SECTION  III. 
OF  SPECIFIC    GRAVITY. 

A  clear  idea  of  ■pecific  gravity  is  indispensable  In  a  cfiemiat.  Gravity 
nd  wigkt  are  gynonymous  words;  bul  the  tcrjyi  tpedjic  gravity  is  used 
ID  HgDify  the  ratio  of  arigkt  lo  bulk.  Hence  the  object  of  all  the  pro- 
Kmaat  for  ascertaining  specilic  gravilics,  is  either  to  ascertain  the  weight 
of  a  knoan  Mk,jyT  the  6«U;ofa  huwn  iceighl;  for  whether  the  sub- 
nances  whoae  specific  gravities  are  lo  be  found  be  reduced  to  [he  same 
W«ghl  and  then  measured,  or  be  reduced  lo  the  same  bulk  and  then 
■B^bed,  the  ratio  of  their  weights  to  their  bulks  will  be  discovered.  If 
BRhiJoeiJ  to  the  tame  bulk  and  weighed,  their  »i>teijie  gravUiei  will  be 
Urtetly  an  the  weighu.  If  reduced  to  ilic  «arne  ipeight  and  meatured, 
heir  tpeei^e  gravities  will  be  ineertely  am  ibeir  bulkx  ihus  ascertained. 

Supposing  a  like  bulk  of  each  kind  of  matter  in  nature  lo  be  weighed, 
tbe  t«9ults,  numerically  staled,  would  represent  their  specific  gravities. 
Bat  since  it  is  not  possible  to  procure  an  exactly  similar  bulk  ofeach  kind 
of  lOBttN,  it  is  necessary  lo  resort  to  another  mode  of  reducing  their  bulks 
ki  a  coRimoa  measure.  Tbe  method  adopted  in  the  case  of  solids  and 
jiqoids,  is  (o  divide  the  weigh!  of  a  given  bulk  of  each  body  of  which  the 
necific  gravity  is  to  be  found,  by  the  weight  of  a  like  bulk  of  water. 
Iliia  in  feet  may  be  stated  as  the  general  rule  for  ascertaining  specific 
gtavitin. 

Thtis  on  dividing  tbe  weight  of  any  bulk  of  copper  by  the  wMghl  of  ■ 
like  balk  of  water,  the  quotient  is  9.  This,  therefore,  is  received  as  the 
■ecific  parity  of  copper.  By  a  mmilar  procedure,  in  the  com  of  ulver, 
ae  ^noUent  is  10.5,  in  the  case  of  mercury  13.6,  in  the  case  of  goM, 
M^:  OMuequently,  these  numbers  arc  considered  es  representing  the 
fecific  gravities  of  those  mctats. 

If  tin  bodjf  be  lighter  than  water,  as  in  the  case  of  cork  which  is  only 
dMMtoOB'fiftli  as  heavy,  the  qtiotient,  being  lees  than  one,  is  expreased  by 
ft  deeiii)^  ftsction.     Thus  the  n>edfic  gravity  of  cork  may  be  staled  lo 
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The  gravity  of  water  lias  been  assumed  as  the  atandtiri),  because  thi* 
liquid  may  always  be  obtained  sufficiently  pure;  and  it  is  generally  easy 
to  aacertaia  the  weight  of  a  quantity  of  it,  equal  in  bulk  to  any  other 
body. 

The  weight  of  a  quantity  of  water,  equal  to  the  body  in  bulk,  ia  equal 
to  tbe  resistance  which  the  body  encounters  in  sinking  in  water.  Hencc^ 
if  we  can  ascertain,  in  weight,  what  is  necessary  to  overcome  the  lesis- 
ance  which  a  body  encounters  in  sinking  in  water,  and  divide  by  the 
weight  thus  aacertained,  the  weight  of  the  body,  we  shall  have  its  apeciiic 
gravity. 

In  the  case  of  a  body  which  will  sink  of  itself,  the  resialaoce  to  its  sink- 
ing ia  what  it  loses  orit^  weight  when  weighed  in  water. 

In  the  case  of  a  body  which  will  not  sink  of  itself,  the  reaistajice  to  ila 
sinking  is  equivalent  lo  its  own  weight,  added  to  the  weight  which  must  be 
used  to  make  it  sink. 

142.  Experimental  Demonstration  that  the  Resittance  wkick  a  Body  n- 
countert  tn  sinking  in  any  Liquid,  itjutt  equivalent  to  the  Weight  oft 
porfton  of  the  Liquid  equalling  Ike  Body  in  bulk. 
This  proiKMition  may  be  experimentally  demonstrated,  by  meaiu  of  the 
apparatus  represented  by  the  following  figure. 

Tbe  cylinder,  represented  as  surrounded  by  the 
water  of  the  vase,  is  made  to  fit  the  cavity  of  the 
cylinder  suspended  over  it  so  exactly,  that  it  en* 
ters  the  cylinder  with  difficulty,  on  account  of  tha 
included  air,  which  can  only  be  made  to  pass  by  it 
slowly.  It  must,  therefore,  be  evident,  that  tbe  c«-  ' 
vity  of  the  hollow  cylinder  is  just  equal  in  bulk  to 
the  solid  cylinder. 

Both  cylinders  (suspended  as  seen  In  the  figure)  ' 
being  counterpoised  accurately  upon  a  scale  beam, 
let  a  vessel  of  water  be  placed  in  the  situation  of  the 
vase.  It  must  be  evident,  that  the  equiponderancy 
will  be  destroyed,  since  the  solid  cylinder  will  be 
buoyed  up  by  the  water.  If  water  be  now  poured 
into  the  hollow  cylinder,  it  will  be  found  that,  at  the 
tame  moment  when  the  cavity  becomes  full,  the  equt>  t 
ponderancy  will  be  restored,  and  the  solid  cylinder 
sunk  just  below  the  surface  of  the  water. 

Hence  it  appears  that  the  resistance  which  the 
solid  cylinder  encounters  in  sinking  in  the  wste^ 
,  is  overcome  by  the  weight  of  a  quantity  of  vaXa 
ual  to  it  in  bulk,  it  must  bo  evident,  that  tho 
ny  other  body,  and  of  any  other  liquid. 
Rationale. — When  a  solid  body  is  introduced  into  an  inelastic  solid,  flfc-  i 
withdrawing  it  a  hole  is  lefl,  which  remainsvacantof  tbe  solid  matter;  but 
no  sooner  is  a  body  which  ban  been  introduced  into  a  liquid  withdrawn, 
than  the  liquid  is  found  to  fill  up  the  space  from  which  it  had  been  re- 
moved. 

It  is  evident  that  the  force  which  liquids  thus  exert  to  re-enter  any  apacs 
within  them  from  which  ihey  are  forcibly  excluded,  is  precisely  equal  to 
the  weight  of  a  quantity  of  the  liquid  commensurate  with  that  space;  since) 
when  the  space  is  reoccupied  by  the  liquid,  the  equilibrium  is  r"         " 
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Connquaotiy,  enij  body,  introduced  into  a  liquid,  experienoes  from  it  a 
tanotuice  e^ual  to  tbe  weight  of  a  quuitity  of  the  liquid,  oominensumte 
«ith  the  canty  which  would  be  produced,  supposbg  the  liquid  frozen  about 
(be  Kdid  mass,  split  open  so  as  to  remove  it,  and  the  fragments  put  tc^ether 
i^ia;  and  the  cavity  thus  created  must  obviously  be  exactly  equal  to  tbe 
talk  OT  tbe  body.     It  follows,  therefore,  that  the  reaistaace  which  any  body 


(Bconnten  in  ttoking  within  a  liquid,  is  equivalent  to  tbe  weight  of  a  quan- 
tity of  tbe  liquid,  eqiul  in  bulk  to  the  body. 


143.  ihtkod  of  aseerlainhig  the  Speetjte  Gravity  of  a  Body  ktavUr 

than  Water. 

Let  the  glass  stopple,  represented  in  the  adjoining  figure, 
be  the  body.  First  caunlerpoise  the  stopple  by  means  of 
a  scale  beam  and  weights,  suspending  it  by  a  fine  metallic 
wire.  Place  under  tbe  stopple  a  vessel  of  pure  water,  at 
the  temperature  of  60°,  and  lower  the  beam,  so  that  if  tbe 
stopple  were  not  resisted  by  the  water,  it  would  be  im- 
mersicd.  Add  just  as  much  weight  as  will  counteract  tbe 
stance  which  the  water  opposes  to  the  immersion  of 
tbe  stifle,  and  render  the  beam  again  horizontal.  Di> 
ride  the  weight  by  which  the  stopple  had  been  previously 
counterpcHsed,  by  the  weight  thus  employed  to  smk  it,  and 
the  quotient  will  be  the  specific  gravity. 

RationaU, — The  weight  requisite  to  sink  tbe  stopf^, 
measurestheresistanceloitsbeingsunkin  tbe  water;  and 
thia  it  has  been  shown  is  equal  to  the  weight  of  a  bulk  of  water  equal  to 
that  of  the  stopple.  Of  course,  pursuant  to  the  general  rule,  it  is  only  oa- 
<«saary  to  see  how  often  this  weight  is  contained  in  the  wei^t  of  tbe  stop- 
ple, to  ascertain  its  specific  gravity. 

144.  Method  of  ateertaiiung  the  Specific  Graniy  of  a  Body  lighter 

than  Water. 

Let  a  small  glass  funnel  be  suspended  from  a  scale 
team,  and  counterpoised  so  as  to  be  just  below  the  surface 
or  some  water  in  a  vase,  as  represented  in  the  diagram. 

If,  while  thus  s)|u^ted,  a  body  lighter  thau  wafer,  a 
snail  cork  for  instance,  be  thrown  up  under  the  funnel,  . 
(he  equilibrium  will  be  subverted.  Ascertain  how  much  ' 
•eight  will  counteract  the  buoyancy  of  the  cork,  add  this 
to  its  weight,  and  divide  its  weight  by  the  sum.  The  quo. 
lient  will  be  the  answer. 

Rationait. — The  force  with  which  the  cork  rises  against 
the  rnnnel,  is  equal  to  the  dilierence  between  its  weight  and 
llie  weight  of  the  bulk  of  water  which  it  displaces-  Of 
courae,  ascertaining  the  force  with  which  it  rises  by  using 
Jul  weight  enough  to  counteract  it,  and  adding  this  weight, 
•Daacertained,  to  that  of  the  cork,  we  have  Che  weight  ofa 
la&  of  water,  equal  to  the  bulk  of  the  cork.  By  this  weight,  dividing  the 
might  of  the  cork  agreeably  to  the  general  rule,  the  specific  gravity  of 
ihecork  wilt  be  found. 
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t4d>  Method  of  a»cerlaining  ike  Specific  Gravity  (^ a  [Aquid. 

Let  the  stopple  be  counterpoised,  ejiactly  as  in  experiment  143,  excni- 
ing  that  it  is  unnecessary  to  take  nny  account  of  the  countorpoising  wei^ 

Having,  in  like  manner,  ascertained  how  much  weight  will  aink  it  ia  tbc 
given  liquid,  divide  this  by  the  weight  required  to  smk  it  in  the  vaei. 
The  quotient  will  be  the  specific  gravity  sought. 

S/UionaU. — It  has  been  proved  that  the  resistance  to  the  sinking  of  s 
body  in  asy  liquid,  is  precisely  etjual  to  the  weight  of  a  bulk  of  the  liqtad, 
equal  to  the  bulk  of  the  body.  Ascertaining  the  resistance  to  the  iininei- 
sion  of  the  same  body  in  different  liquids,  ia,  therefore,  the  same  as  ascu- 
taining  the  weights  of  bulks  of  those  liquids,  equal  to  the  bulk  of  the  body, 
and,  of  course,  to  each  other.  And  if  one  of  the  liquids  be  water,  di- 
Tiding  by  the  weight  of  this  the  weights  of  the  others,  gives  their  specific 
gravities. 

If  the  stopple  be  so  proportioned  as  to  lose  just  one  thousand  graiu 
by  immersion  in  water,  division  is  unoeceaaary;  as  the  weight  of  the  liquid 
will  be  obtained  in  grains,  which  are  thousandths  by  the  premises.  A 
piece  of  metal  exactly  of  the  same  weight  as  the  stopple,  may  be  employed 
as  its  counterpoise. 

In  these  experiments,  the  liquid  should  be  as  near  60°  of  Falu«nbeil'» 
therntoauter  as  possible. 


la  tbMi  ■  constant  weight  ia  used  to  a  CGrtnin  extent,  and  the  diArences  of  * 
gravily  ate  BBlimited  bj  Uip  qunnlitj  of  the  stem  immoraod.     In  thoaa  inttninienti 
of  this  comtroction  where  Beveral  weights  ate  oraplojod,  the  efiect  u  the  eune  U 
if  the  Htem  of  the  ioaliuiueDl  wcrs  lengtJicned  u  many  limei  u  the  niunbar  of  llw 
wBJghte  attached  to  il. 

T^e  ahove  onnavine  represents  three  hvdromelera.  A,  B,  and  C,  canlained  in 
glaaa  veaaeli.     Band  C  are  of  glues,  and  A' of  metal. 


B  il  intended  for  liquids  he 
each,  the  graduation  commencee 
■rink*  in  dLstilled  water.  It  mu 
hqiiida  heavier  IhaD  water,  and 

t , 

>r  infuawna  ofvogclable  i 


8l  of  course 


C,  for  Ihou  which  are  lighter,  la 
of  Ihc  gtsni,  to  which  the  inaUumeHt 
:oiainence  at  the  lop  of  the  stem  for 
I  of  the  stem  for  liquids  lighter  than 
Eiquora  or  ethers,  Ihe  sLreltftk 
tem  is  iniBierBed  in  pniporlioB 
he  case  of  acid  and  saline  eolu. 
stum  emerges  from  these,  tlN 


e  of  thi 


SPBCtPtC  GHAVITY. 


Thaii 


'e  rapressnted  u 


a.  tona  inucli  med  in  Ihia  conntrj  and  in  England,  both 
venitnble  mKttor.    Tlie  (lem  it  virlnnll}'  lengliiened  by 
ei^hla,  which  mny  be  slipped  on  >nd  off  at  pleasure. 
.iwppn  iho  weiijhl  of  water  and  thai  of  the  >[roii;«l  api- 
Of  cnune.  an  hydromolor  for  spiril  abodd 


irapteit  and  innuion 
ha  naa  of  aeveral  smn 
"The  >hole  differene 

mon  iUalBDia  tcalanf  more  than  two  Lundred  parts,  in  order  to  give  Ihs  apeeifio 
ntitr  of  any  liquid  coniUUng  nf  water  and  alcoliol.  To  render  aiiGh  graduation 
lU;  <li*c«rnible,  the  item  would  havo  to  be  of  irerjr  ineaovonlent  length. 
Il  ebvialed  by  uaing  diflerent  neivlita.  When  the  haavieil  weight  is  upon 
Ibeilein,  the  whole  of  the  rtem  aliindB  above  the  surface  In  diatilled  watsr.  Whan 
te  liquid  containa  enough  spirit  to  allow  the  whole  uf  the  item  lo  alnk  in  it,  while 
■apportiog  this  wclgbt,  a  lighter  weight  may  be  used;  and  when  the  stem  again 
■odd  be  wholly  merged,  this  last  montioiiod  weight  may  be  exchanged  for  nna 
'~  liafiUr.  Bappoaing  the  stem  graduated  into  nfty  puts,  three  weights  would 
'and  the  fltem  unloaded,  fifty  more.  Were  the  atom  gra- 
lighla  would  give  one  hundred  and  ninety  porta, 

Ab  instrument,  sometimes  called  a  siccharometer,  bat  pre 
■h,  is  used  for  infusions  ofregntable  matter,  eapecially  ior  I 
atiROrs,  excepting  that  the  scale  begins  at  the  lop  of  the  i 
with  the  butTbco  of  pure  watnr,  at  silly  degrees 
lersed  in  it.     When  the  iDf\irion  is    ' 


rifs  wty  degreas  each,  ai 
Mtod  nilo  ten  parts,  nini 
■ad  the  stem  unloaded,  (ci 


<m,  with  a  line  which 
Fahrenheit,  when  Ihs 
nough  lo  support  tha 
vbole  of  the  item  abore  its  surdico,  a  weight  is  lo  be  addeS  heavy  enough  lo  bring 
tbegndnaled  pan  of  the  sl«m  into  l)ie  liquid.  And,  in  like  manner,  as  llie  infu- 
00  ii  fimnd  slroDger,  weights  still  heavier  must  be  added;  the  process  being  per- 
fMU;  analogous  (o,  but  the  convene  of  that  described  in  the  case  of  alcohol. 


c  Gramln  of  Solidt.  eUMtr 

,     „  resentalion  of  Nicholson '• 

gravimetet,  the  culistiuction  of  which  is  luRiciently  obvious. 
On  the  upper  scale  of  the  instromont,  whilsl  floating  in 
water,  place  any  body,  the  specific  gravity  of  which  is  to  be 
found — a  piece  ofcoin  for  instance^and  add  as  much  weight 
■  ■  ■'  '  ■"     ■  ik  the  gravimolor,  tai&  a  muk, 

coinctirea  nith  the  lUrftca  of  tha 
be  transferred  to  the  lowor  scale, 
niid  OS  much  weight  added  Ic  the  upper  one  as  compenaBtes 
this  change.  This  weight  is  obviously  just  equivalent  lo  tha 
resistance  which  thn  com  encoonterl  m  sinking  in  the  wator. 
Let  this  weight  be  called  A. 

In  the  next  place,  tlie  body  is  to  be  removed  from  \}ae  gra- 
vimelor,  and  as  much  weisbt,  B,  a?aln  added  to  the  upper 
Bcnle,  as  will  cause  the  mark  upon  the  clem  lo  coincide  with 
the  aqueous  surface.  Ofllic  weight  Brst  employed,  no  account 
need  bo  taken;  but  the  weight.  A,  and  llie  weight  B,  used  in 
the  second  and  third  steps  of  the  process,  are  to  be  carefully 
noted,  and  added  together  ;  the  sum  of  A  and  B  is  then  to  he 
divided  by  A,  the  l^st  number  noted.,    This  number.  A,  rs- 

com ;  while  the  Bum  of  the  numbers,  A  and  B  is  equivalent 
to  the  weight  of  (he  coin :  since  Ihat  aggregate  weight  has 
been  fouadeqoivalent  to  the  weight  of  the  coin  in  sinking  Ihe 

gravimeler. 


urposelj  made  \t 


Mlkod  o/fauHsg  the  Sptaju  Gravily  of  a  Bodi/  tigliler  than  Wattr  by  Kidul- 


lould  the  speci6c  gravity  of  a  light  body,  an  a  piece  of  cork  fur  instance,  be  il 
lion,  place  it  on  the  upper  acole  of  the  graviiiieter,  load  the  instrument,  k 

>k  b. 


Mion,  place  it  on  the  uppei 
U  the  matk  on  the  stem  may  coincide  with  the 
tan  above  atated,  a  leaden  disk  being  previously  laid  a\ 


«Mhl 
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baoyancy  when  immeried  in  water  by  being  placed  beneath  the  leaden  dial 
lower  scale,  giTet  the  weight  of  a  quantity  of  water  equal  in  bulk  to  th 
Hence,  if  the  number  of  mint  representing  the  weight  of  the  cork  be  diT 
that  representing  the  weight  of  its  bulk  of  water,  the  quotient  will  be  the  i 

Etity,  which,  in  thb  case,  must  be  expressed  in  a  decimal  fraction,  ai  it 
n  unity. 

Cfike  Ii^uenu  of  the  Air  on  tkt  apparent  Weight  of  Bodieo, 

A  pleasant  illustration  of  the  loss  of  weight,  and  consequent  inaccnracv  atl 
on  the  ordinary  process  of  weighing,  as  conducted  in  the  air,  is  affiirded  by 
paratos  and  process  described  m  this  article. 

149.  Jl  Pound  qf  Feathers  heavier  than  a  Pound  qf  Lead, 

If  two  bodies,  one  of  which  is  more  boll 
the  other,  be  found  equiponderant  in  Ui 
nary  process  of  weighing  by  a  balance,  th( 
body  IS  the  heavier. 

Liet  the  bodies  in  question  be  those  ref 
ed  within  the  receiver  of  an  air-pump, 
annexed  figure.  On  withdrawing  the 
means  of  tne  pump,  it  will  be  found  tl 
larger  body  preponderates,  though  pre 
counterpoised  with  accuracy. 

Rationale. — ^It  appears  from  a  preceding 
tration,  146,  that,  when  anjr  body  is  surr 
by  a  fluid,  it  is  buoyed  up  with  a  force  in 
tion  to  the  weight  of  the  fluid,  and  the  q 
displaced  by  ue  body.  Of  course,  th 
space  it  occupies  in  proportion  to  its  wei| 
more  will  its  weight  he  counteracted, 
case  of  the  two  bodies  rendered  equipondi 
air,  the  weight  of  the  larger  is  most  count 
bv  the  air.  Hence,  on  exhausting  the  a 
the  receiver,  the  larger  body  shows  a  pn 
rancy  over  the  other,  equivalent  to  the  i 
support  which  the  air  had  afforded  it. 

A  similar  result  may  be  obtained,  if  hj 
be  substituted  in  the  receiver  for  atmc 
air ;  because,  as  its  specific  cavity  to  tha 
air  is  only  as  1  to  14  nearly,  each  bodj 
lose  13-14th8  of  the  support  which  the  air 
forded ;  but  the  larger  body,  having  received  more,  would  lose  more.  It  : 
that  the  common  saying,  that  "  a  pound  of  feathers  is  as  heavy  as  a  pound  o 
falls  short  of  the  truth ;  as  they  would  really  prove  heavier  were  the  air  re 


SPECIFIC  GBAVITV. 


15(1.  Mtlhod  tf  au-crtaiaittg  ihi^  Specific  GravUg  of  Gokoui 
Subatancei. 

Suppose  ihe  globe,  A,  re- 

prescuKid  in  the  adjoiuing 
figure,  lo  be  removL-d  from 
ttie  receiver,  R,  and  exhaust- 
ed during  a  lomporary  nt- 
tachmenl  to  an  air-pump,  by 
mums  of  a  screw  with  wliiclt 
the  globe  is  fumistK-'d,  and 
which  serves  also  lo  faalen 
it  to  the  receiver,  as  repre- 
sented in  the  figure  Being 
preserved  in  this  state  of  ex- 
haustion by  closing  ihe  cock, 
let  it  be  suspended  Trom  n 
scale  beam,  and  accurately 
couotcr{)oised,  as  id  n  for- 
n»r  cxpcrimcDl,  62.  In  that 
experiment,  oDcr  the  globe 
was  counterpoised,  air  was 
admitted  and  caused  it  lo  p 
ponderate  decidedly.  If 
lieu  of  admillina  air,  thegjobo 
bo  restored  lo  the  situation  in 
which  it  nppfarsin  this  figure, 
so  as  to  be  filled  with  hydrti 
gcQ  from  the  receiver,  R,  and  ] 
alierwanls  onco  more  s 
pended  from  the  beam,  in-  | 
slead  of  preponderalbg  de- 
cidedly as  when  air  was  al- 
lowed to  enter,  ihe  additional  | 
weight  acquired  by  It  in  o 
sequence  of  the  admissian  of  I 
the  hydrogen,  will  scarcely  be 
rendered  perceptible.  Sup- 
ing,  however,  that  the  additional  weight  thus  acquired  wore  deleclol, 
also  the  weif^ht  gained  by  the  admission  of  exactly  the  same  bulk  of  at- 
ipheric  air,  ader  a  similar  exhaustion  of  the  globe,  ihe  weights  of  equal 
imrs  of  hydrogen  and  air  would  be  represenlod  by  llie  wcighls  thus  as- 
ained.  Thcsprcilic  gmvity  ofHlmosplicric  air  is  ihe  unit,  in  multiples 
fractions  of  which  Ihe  specific  gravities  of  the  gases  are  expressed, 
wo  the  weight  of  a  given  bulk  ol'  hydrogen,  divided  by  (Ik  weight  of 
pqtial  hulk  of  air,  gives  the  specific  gravity  of  hydrogen.  Ity  u  similar 
cess,  Ihe  specific  gravity  of  any  other  gas  may  be  ascertaiiicl. 
i  tabic  of  the  spccilic  gravity  of  tlie  gases  will  be  given  in  the  Appen- 


150  INORGANIC  SUBSTANCES. 

SECTION  IV. 
OF  THE  MODE  OF  COLLECTING  AND  PRESERVING  G2 

The  art  of  collecting,  preserving,  measuring,  and  distinguishing  g 
substances,  has  been  called  pneumatic  chemistry.  It  is  a  branch 
science  which  has  existed  for  little  more  than  half  a  century. 

All  gases  were  considered  as  common  air  variously  modified  by  ii 
ties,  until  Dr.  Black  ascertained  the  nature  of  carbonic  acid  gas.  1 
by  this  discovery,  oxygen,  nitrogen,  hydrogen,  chlorine,  and  man} 
substances  susceptible  of  the  gaseous  state,  were  discovered  or  disting 
by  Schecle,  Priestley,  Cavendish,  and  others. 

Cisterns  filled  with  water  or  mercury,  called  hydro-pneumatic  o 
curio'pnevmaiic,  according  to  the  liquid  employed,  are  used  for  coli 
gases.  The  vessels  intended  to  contain  the  gas  are  filled  with  wj 
mercury,  and  placc<l,  in  an  inverted  position,  on  a  shelf,  or  part  of  t 
tern,  situated  just  below  the  surface  of  the  liquid.  As  their  orific 
not  raised  above  the  surface,  they  remain  full  of  the  liquid,  in  conse< 
of  the  pressure  of  the  atmosphere.  See  65.  Any  gas  emitted  unc 
mouth  of  a  vessel,  so  filled  and  situated,  rises  to  the  top  and  displac 
contained  liquid. 

151.  HydrO'pneumaXic  Cistern* 

In  the  Appendix  will  be  found  an  engraving  and  description  of  a  1 
pneumatic  cistern,  which  I  employed  in  the  expertoocntal  illustrati 
my  lectures  for  more  than  ton  years ;  and  which  I  should  probabi 
tinue  to  use  now,  had  not  the  command  of  water  from  the  public  ^ 
put  it  into  my  power  to  dispense  with  the  mechanism  (or  keeping  the 
at  a  proper  level.  As  I  am  now  situated,  any  deficit  of  water  is 
supplied  from  the  pi[K>s  known  here  as  the  hydrant  pipes,  by  whi 
city  is  supplied  with  water;  and  nny  excess  is  carried  oft* by  a  wast* 

A  A,  (see  opposite  engraving)  is  a  water-tight  platform,  surrouiu 
a  wooden  rim,  R  R  R  R,  rising  above  it  about  an  Inch  and  a  half.  B 
are  three  wells  or  cavities,  each  in  the  form  of  a  hollow  parallelc 
with  all  of  which  the  cavity  bounded  by  the  rim  communicates ;  s 
when  supplied  with  water  to  the  level  of  the  waste  pi|)e,  this  liqui 
the  wells,  and  covers  the  platform  to  the  depth  of  about  Jths  of  an  ii 

E,  F,  G,  are  shelves,  which  severally  move  in  grooves  over  the 
so  that  they  may  be  placed  in  the  most  convenient  position.  Unde 
a  waste  pi[»e.  At  I,  is  a  winch  which  serves  to  let  in  water  from  the 
rfiservoirs.  K,  is  a  pipe  for  emptying  the  welfs  and  casks,  with 
which,  by  mc;ans  of  cocks,  it  may  l)c  made  to  communicate  when 
site.  N,  is  a  cask  which  acts  as  a  gas  holder,  having  a  cominun: 
with  the  cistern  for  letting  in  water  from  that  source;  the  orifices 
controlled  by  valves.  By  means  of  a  pipe  proceeding  from  its  vert« 
gas  holder  communic^ites  with  a  pipe  or  cock,  at  s,  furnished  with 
lows  screw.  To  this,  flexible  U^aden  pipes  may  be  attached,  for  tn 
ring  gas  either  from  the  gas  holder  to  a  bell  glass,  or  from  a  \yc]\  g 
the  gas  holder.  When  a  communication  is  established  betwe(*n  th< 
ties,  either  of  these  oflices  may  be  [XTformod,  accordingly  as  the  pr 
within  the  holder  is  made  greater  or  less  than  that  of  the  atmosphei 
will  be  greater  when  the  valve  for  the  admission  of  water  is  openec 
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for  letliag  it  out  being  sbul;  and  less  when  these  circumstances  are  re- 

Anotber  cask  with  pipes  and  cocks,  similar  to  thai  represented  in  the 
engraving,  is  concealed  by  the  panncl,  O. 

1  njH  cui  affords  a  view  of  the  lower  side  of 
the  sliding  shelf,  in  the  wood  of  nhich  will 
be  seen  two  excavations,  T,  T,  converging 
into  two  holes.  This  ahelf  is  loaded  with  on 
ingot  of  lead  at  L,  to  prevent  it  from  floating 
e  water  of  the  cistern. 


in 


the  water  of  the  cistern. 

152.  Mercurio-pneumatic.  Ct«(em. 

The  following  figure  represents  the  mercurial  cistern  used  in  my  la- 
The  front  is  supposed  to  be  removed,  that  the  inside  may  be 
1  to  view. 


a  wooden  box,  which  encloses  the  reservoir  so  as  to  catch  any 
of  the  metal  which  may  be  propelled  over  the  margin  of  the  cistern.  This 
box  is  botlomrd  upon  stout  pieces  of  scantling,  tenanted  together  and 
grooved  so  as  to  conduct  the  mercury  towards  one  corner,  where  there  is 
•  ^ul  to  allow  it  to  escape  intoa  vessel,  situated  so  as  (o  receive  it.  The 
cifilern  itself  is  made  out  of  a  solid  block  of  white  marble.  It  is  27  inches 
lou,  '■ii  wide,  and  10  deep. 

The  ledges,  S  S,  answer  for  the  same  purposes  as  the  shelves  in  the 
hydro-pneumatic  cistern  described  in  the  preceding  article.  The  excava- 
tion, «B,  constitutes  the  well.  In  ihia  well  vessels  are  filled  with  mercury, 
in  order  to  be  inverted  and  placed  while  full  on  the  ledges.  There  are 
mne  round  holes  in  ihe  marble  for  introducing  upright  wires  to  hold  tubes 
Of  eudiometers ;  also  some  oblong  mortices  for  allowing  the  ends  of  tubes, 
Ally  recurved,  to  enter  under  the  edges  of  vessels  lo  be  filled  with  gas, 
ud  in  cases  of  rapid  absorption,  lo  afford  a  passage  for  the  mercury  into 
Ttaaels,  from  which  it  might  otherwise  be  excluded  in  consequence  of  their 
dose  contact  with  the  marble  of  the  reservoir. 

To  fill  this  reservoir  requires  nearly  600  pounds  of  mercury. 
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INDIVIDUAL  INORGANIC  SUBSTANCES. 

[These  substances  are  either  simple  or  compound.  The 
simple  substances  will  be  first  treated  of,  according  to 
a  classification  to  be  explained  presently;  and  under  the 
head  of  each,  the  principal  binary  compounds  will  be  intro- 
duced. The  more  complex  compounds^  called  salts,  wiD 
afterwards  be  considered  under  a  separate  head.] 

SIMPLE  INORGANIC  SUBSTANCES. 

[The  simple  substances  are  fifty-four  in  number.  Ac* 
cording  to  the  classification  of  Dr.  Hare,  they  are  prima*" 
rily  divided  into  basncigen  substances^  or  those  elements 
which  produce  both  acids  and  bases  by  combining  with 
the  remaining  elements;  and  radicals^  or  those  elements 
capable  of  forming  with  a  basaciffen  substancei  either  an 
acid  or  a  base,  or  ooth,  and  which  do  not  form  acids  or 
bases  with  each  other.] 

OP  BASACIGEN  SUBSTANCES. 

[These  substances  are  eight  in  number,  viz: 
Oxygen,  Fluorine, 

Chlorine,  Sulphur, 

Bromine,  Selenium, 

Iodine,  Tellurium.* 

They  will  be  treated  of,  in  the  order  in  which  they  have 
been  named,  in  the  eight  following  sections.] 

*  Of  these  subfltanceB  cidorine,  bromincy  iodine  and  fluorine  are  claeied  bj  Btr- 
leliiis  under  the  name  of  halogen  bodies ^  or  generators  of  aalta}  while  oxjfgai^  gitir 
vhuT^  tdtmum^  and  tellurium  ore  classed  together  under  the  name  of  amphigen 
iodUSf  or  both  producers;  meaning  that  they  arc  productive  both  of  acids  and  basei. 
For  reasons  stated  in  a  letter  to  Professor  Silliman,  which  will  be  foond  in  the 
Appendix,  I  object  to  this  classification.  It  appears  to  me,  from  the  fkcts  stated 
by  BerzeliuB,  coupled  with  his  own  practice,  that  the  bodies  of  both  of  hie  olassss 
are  productive  of  acids  and  bases.  Influenced  by  this  impression,  I  have  aeeociated 
them  as  above  in  one  class,  under  the  appellation  of  basacigen  substances.  In  honour 
of  Berzelius  I  shall,  however,  retain  the  terms  halogen  and  amphiga/iy  in  order  to 
designate  the  elements  which  he  has  distinguished  by  those  names.  It  may  be 
proper  to  add  that  we  owe  to  Berzelius  himself  the  idea  that  any  other  subttanee 
besides  oxygen  could  form  acids  and  bases  capable  of  uniting  to  form  salts.  Our 
knowledge  of  the  existence  of  tliis  faculty  in  three  of  his  amphiffen  elements,  sul- 
phur, selenium  and  tellurium,  is,  I  believe,  entirely  due  to  his  inyesti^tioas.  If 
chemists,  myself  among  others,  who  consider  his  double  salts  as  consisting  of  Mids 
and  bases,  are  in  the  right,  it  is  to  the  light  afforded  by  his  brillitnt  diiCOTeiMt  that 
we  owe  the  ability  to  pursue  the  true  path. 


SECTION  I. 
OF  OXYGEN. 

In  the  gaseous  state,  oxygen  forms  one-fiflh  of  the  at- 
DOBphere  in  bulk;  and  as  a  constituent  of  water  in  the 
alio  of  eight  parts  in  nine,  it  pervades  every  part  of  the 
leation  where  that  important  compound  is  to  be  found. 
t  exists  in  that  congeries  of  oxidized  matter  which  we 
■all  earth,  and  is  a  principal  and  universal  constituent  of 
tnimal  and  vegetable  matter.  Its  combinations  with  me- 
als and  various  other  combustibles  are  of  the  highest 
mportance  in  the  arts.  It  was  called  oxygen  under  the 
irroneous  impression  of  its  being  the  sole  acidifying  prin- 
dple,  from  the  Greek  tfu«  acid,  and  yug^i  to  generate. 

Preparation. — It  can  only  be  isolated  in  the  fonn  of  a 
ras.  It  is  yielded  by  red  lead,  nitre,  or  black  oxide  of 
oanganese,  when  exposed  to  a  bright  red  heat  in  an  iron 
xtttle.  There  are  various  other  means  of  obtaining  oxy- 
gen gas.  It-is  generally  supposed  that,  in  order  to  obtain 
t  in  a  high  degree  of  purity,  chlorate  of  potash  must  be 
imployed;  but  I  have  found  the  first  portions  of  the  gas 
irom  nitre  quite  pure;  and  Dr.  Thomson  alleges  that  this 
alt,  by  exposure  to  a  carefully  regulated  heat,  parts  with 
jne-fif^h  of  the  oxygen  of  its  acid  m  a  state  of  purity;  or 
in  other  words,  it  gives  up  an  atom  of  oxygen  for  every 
atom  of  the  salt,  which  is  equal  to  8  parts  in  102  parts, 
ir  rather  less  than  one-twelfth. 


Apparaivt  for  t^taining  Ozygm  upon  a  Ittrgt  Scaie. 
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As  nearly  u  mach  time  and  trouble  are  expended  in  conducting  a  chemical  pro- 
cess on  a  small  scale  as  upon  a  large  one ;  and  as  in  my  experiments  I  consume 
large  quantities  of  oxygen  gas,  I  have  lately  employed  the  cast  iron  alembic  repre- 
sented in  the  preceding  fi^re,  for  the  purpose  of  obtaining  the  ^as  from  12  or  15 
pounds  of  nitre.  When  in  operation)  it  is  made  to  occupy  a  soitable  cavity  in  t 
orick  stack.  The  neck  is  so  formed  as  to  receive  a  large  hollow  knob  of  iron,  from 
which  a  gun  barrel  proceeds  at  ri|^ht  angles.  This  knob  is  secured  by  a  gallowi 
screw,  embracing  the  arms  cast  with  the  alembic.  The  juncture  is  to  be  luted  witk 
clay,  added  dry  to  a  saturated  solution  of  borax.  To  the  orifice  of  the  gun  bamri, 
a  flexible  leaden  pipe  is  attached,  by  which  the  gas  is  conveyed  to  the  gas  holden 
or  gasometer. 

Care  is  taken  to  use  no  more  fire  than  will  bring  over  the  gai,  and  the  opantioo 
is  arrested  as  soon  as  the  impurity  exceeds  20  per  cent.  By  attending  to  tneee  pie- 
cautions,  the  gas  is  of  better  quality ;  the  first  portion  being  nearly  pure,  and  thi 
alembic  is  less  corroded.  Besides,  the  nitrate,  Ming  converted  into  nitrite  of  pot- 
ash, produces,  by  deflagration  with  charcoal,  a  tolerably  pure  carbonate  of  potash. 

Properties  of  Oxygen. — The  specific  gravity  of  this  gas, 
atmospheric  air  being  1.,  is  1.1024.  One  hundred  cubic 
inches  of  it  weigh  34.1872  grains.  In  refracting  light, 
oxygen  is  inferior  in  power  to  any  of  the  other  gases. 

It  is  insipid,  inodorous,  colourless,  and  transparent.  It 
is  but  slightly  absorbed  by  water,  does  not  differ  from 
common  air  in  appearance,  but  is  somewhat  heavier,  and 
supports  life  and  combustion  more  actively.  Under  a  bell 
glass  filled  with  oxygen  gas,  an  animal  lives  and  a  candle 
burns  thrice  as  long,  as  when  similarly  situated  with  the 
same  quantity  of  common  air. 

Oxygen  gas  is  supposed  to  consist  of  oxygen  rendered 
a6riform  by  caloric. 

The  equivalent  of  oxygen  is  8,  hydrogen  being  unity. 

154.  Experimental  Illustrations  of  the  Properties  of  Oxygcit 

Gas. 

Several   cylindrical  glass  vessels   of   an   appropriate 
shape  being  filled  with  the  gas  over  one  of  the  shelves  of 
the  pneumatic  apparatus,  the  following  illustrations  of  the 
energy  of  oxygen  gas  in  supporting  combustion  are  af- 
forded. 

Let  a  stout  wire  be  made,  at  one  of  its  ends,  to  em- 
brace a  lighted  candle,  so  that  it  may  be  conveniendy 
lowered  into  the  bell  while  replete  with  oxygen.  It  will 
be  found  that,  if  the  flame  be  extinguished,  and  the  candle 
lowered  into  the  gas  while  the  snuff  remains  red-hot,  the 
inflammation  will  be  renewed  with  great  energy. 

The  vessel  being  replenished  with  the  gas,  the  flame  of 
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a  piece  of  caoutchouc,  which,  after  being  igoited,  is  low- 
ered into  it,  acquires  a  dazzling  brightness. 

Let  Homberg's  pjrophorus,  or  preferably  such  as  I 
have  contrived  to  obtain  from  Prussian  blue,  be  thrown 
into  the  gas.  The  pyrophorus,  in  descending  through  the 
gas,  taking  fire  spontaneously,  appears  like  an  igneous 
shower. 

Charcoal  powder,  or  filings  of  iron  or  steel,  being  made 
red-hot  in  a  crucible,  and  then  projected  into  oxygen  in  a 
receiver,  a  vivid  extrication  of  heat  and  light  ensues. 

If  the  hydrostatic  blowpi^je  be  supplied  with  oxygen, 
and  be  made  to  act  upon  a  lamp  flame,  an  intense  lieat 
will  be  excited.     See  article  119. 

An  iron  wire,  being  heated  in  the  flame  thus  excited  by 
oxygen,  takes  fire,  and  continues  to  burn  splendidly,  al- 

rb  the  lamp  be  removed. 
156.  Combustion  of  Iron 


Stet'l  in  Otygen. 

Place  over  the  orifice  of  a 
pipe  com municating  with  a  cock 
of  one  of  the  air  holders  sup- 
plied with  oxygen,  a  glass  ves- 
sel, Hurh  aa  is  usually  employed 
tu  shellor  cnndles  from  currents 
of  air.  Lei  ihe  upper  opening 
of  the  vessel  be  dosed  by  a  lid 
wirli  a  central  circular  aperture, 
na  iTspresenled  in  The  engraviog. 
Leaving  lliis  aperture  open,  by 
turning  the  key  of  the  cock,  al- 
low the  gas  to  rise  into  the  ves- 
eei,  from  ihe  holder.  Next  ap- 
ply a  taper  to  ihe  aperture,  and 
OS  soon  n.s  it  indicates,  by  an 
increased  brilliancy  of  combus- 
tion, (hat  oxygen  has  taken  the 
place  of  the  air  previously  in 
the  vessel,  coVer  tlie  aperture. 
Ill  the  next  plac-e,  attach  a  small 
\iv.ij^  of  spunk  to  one  end  of  a 
watch  Kpriiig,  or  ol'  a  spiral 
wire  ns  in  the  figure.  Ignite 
Ihe  spunk,  and  removing  the 
cover,  pluni^e  the  end  wf  the 
spring  associated  with  the  spunk 
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i  the  spunk  I 


^ited  ' 


The  access  ol'  rhe  oxygen  c 
so  vividly,  ihat  the  spring  lakes  lire  and  bums  vnlti  great  splendour,  form- 
ing a  brilliant  liquid  globule,  which  scintillates  beauilfully.     This  globule 
is  so  intensely  hot,  that  sometimes,  on  Tailing,  it  cariDat  immediately  uatK. 
iDto  the  water,  but  leaps  about  on  the  surface,  in  consequence  of  the  steanrk. 
which  it  causes  the  water  to  emit.     If  it  be  thrown  against  the  glass  oFtb^  \ 
containing  vessel,  it  usually  fuses  it  without  causing  a  fracture,  and  ho^  I 
been  known  to  pass  through  the  glass,  producing  a  perforation  without  any  ' 
other  injury.  , 

The  phenomena  last  mentioned  are  more  likely  to  be  produced  when  >^m 
iron  wire  is  used  in  [his  experiment,  ibanwhen  a  steel  spring  is  employed^] 

15(t.  NtcCifily  nf  Oxygen  to  a  Candle  Flame  demongtrated. 

A  candle  nill  burn  only  for  a  limited  lime  in  a  limited  supply  of  air;  ij 
will  not  burn  in  vacuo,  but  burns  brillianily  in  oxygen  gas,  and  much  longe-r 
than  in  a  lik^  qunnlily  of  air. 


Let  there  be  two  bell  glosses,  A  and  B,  communicating  with  each  olber 
by  a  flexible  leaden  pipe,  a  cock  intervening  al  0.  Suppose  A  to  be  placed 
over  a  lighted  candle  on  the  plate,  D,  which  communicates  with  an  air 
pump  plate  as  represented  at  E.  Il  will  be  found  ihsl  the  candle  will  gra- 
dually bum  more  dimly,  and  will  at  last  go  out,  if  do  supply  of  fresh  air 
be  allowed  to  enter  the  containing  bell.  Ifon  repeating  ihe  experimenl, 
the  air  be  withdrawn  by  meaDs  of  the  pump,  the  candle  is  rapidly  eilii> 
guished.  Il  is  thus  dcmonstraicd  that  a  candle  will  iiol  burn  in  vacuo, 
and  that  it  can  burn  only  for  a  limited  lime,  in  a  limited  portion  of  atmoc 
pherio  air. 

If,  while  the  bell,  A,  is  exhausted,  iho  cock  at  C  be  opened,  comtnunt- 
eating  with  the  receiver,  B,  filled  wiih  oxygen  over  the  pneumatic  cistenii 
the  wBier  Will  rise  into  nnd  fill  ilie  receiver,  while  the  gas  will  be  IraDs- 
ferred  to  the  be)l.  By  means  of  llie  giilva no-ignition  apparatus  descriM 
in  article  111,  the  candle  may  bea^in  lighted  in  the  oxygen,  when  il  will 
burn  splendidly. 


K  brass  plate,  which  answers  as  an  exira  nir  pump  plale,  and  is  of 
Wiree  ground  inlo  a  plane  as  true  as  possible,  ia  supporled  on  a  hoUow 
'  T  of  ihe  same  raelal.  Concentric  willi  the  asis  of  this  cylinder,  and 
nag  up  ihrough  it,  so  as  to  reach  about  three  inches  above  the  plate, 
is  a  lube  of  about  three-fourths  of  an  inch  in  diarneter,  open  below, 
d  above  by  a  concave  copper  disk  to  which  it  is  hard  jioldered. 
le  lube  is  fHslened  inlo  the  cylinder  by  a  brass  screw  plug,  in  the  centre 
of  which  the  tube  is  made  air-iight  by  solder.  Hence  although  the  bore 
of  ibe  tube  is  accessible  from  below,  so  far  up  as  the  concave  copper  d'  ' 
ithich  surmounts  it,  no  air  can  pass  through  it  or  through  the  cylinder. 

An  adequate  qunnlily  of  phosphorus  being  placed  upon  the  copper  disk, 
l^ass  globe  is  placed  over  it  upon  the  plate;  and  by  causing  one  of  the 
pifea  which  are  attached  laterally  to  the  cylinder  to  communicate  with  on 
Br  pump,  the  globe  is  exhausted.  By  means  of  the  other  pipe,  a  duequan- 
lily  of  oxygen  gas  is  then  let  in  from  the  bell  glass,  B,  to  which  this  pipe 
isanneied.  The  apparatus  being  thus  prepared,  the  end  of  an  iron  rod 
previously  reddened  in  the  fire,  is  passed  through  the  bore  of  the  tube  so 
u  to  touch  the  copper  disk  which  holds  the  phosphorus.  The  most  vivid 
igaition  ensues.  The  light  has  at  first  a  dazzling  beauty,  but  is  soon 
"shorn  of  its  beams"  by  (he  dense  while  fumes  of  phosphoric  acid,  which 
ihe  combustion  evolves.  Hence  an  effulgence,  approaching  to  solar  bril- 
Kancy,  soon  yields  to  a  milder  illumination  like  that  of  the  moon,  which 
i>  rendered  more  pleasing  by  the  contrast. 

The  globes  with  which  I  am  accustomed  to  perform  this  experiment, 
contain  from  12  lo  15  gallons.  It  is  better  that  the  gas  in  the  globe 
nhould  he  in  some  degree  rarefied ;  otherwise  the  expansion  at  first  excites 
a  considerable  effort  in  the  air  to  escape.  In  one  instance,  a  small  piece 
ofiron  wire,  with  which  the  phosphorus  was  tied,  took  fire,  and,  felling  in 
«  btiming  globule  on  the  ni^ek  of  the  globe,  caused  it  to  fly  into  pieces. 
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Al  the  samQ  time  the  expansion  was  sufficient  to  throw  (he  pieces  to  e 
tance  of  four  or  five  feel  apart. 

The  enlargenient  of  bulk,  arising  from  the  heat,  may  be  provided  fi 
a  bag  or  bladder,  a  communication  witb  which  being  opened,  a  porti 
the  heated  gas  is  enabled  to  retire,  Lll  the  condensation  of  the  oxygen 
the  phosphorus,  into  phosphoric  acid,  compensates  the  expansion. 

1  have  performed  this  experiment,  when  the  density  of  the  gas  waa 
half  leas  than  if  in  equilibrio  with  the  atmosplwric  pressure.  Th 
course  obviated  the  possibility  of  any  ill  consequences  from  expansion 

It  will  be  shown  in  a  subsequent  article,  that  an  apparatua  of  this 
may  be  applied  to  the  analysis  of  atmospheric  air. 


I 


Supposing  the  junctures  made  by  the  plates,  P  p,  wilh  ihe  receivei 
to  be  air-tight,  and  that  there  is  a  communication  between  it  and  tha 
glass,  B,  by  means  of  a  flexible  leaden  pipe,  L,  it  must  follow  that,  « 
ever  the  suction  pump,  from  which  the  recurved  pipe,  S,  terminating  I 
in  the  bell,  proceeds,  is  made  to  act,  the  air  in  B  being  rarefied,  thai  i 
will  force  its  way  through  L,  and  the  hquid  in  the  vase  upon  the  si 
ll  must  also  be  evident  that,  tf  the  pipe  and  cock,  C,  communicate,  on 
mde  with  tlie  receiver,  on  the  other  with  a  t 


of  oxyraiimi 
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will  be  impelled  into  the  receiver,  as  soon  as  the  cock  is  opened,  in  order 
o  restore  the  equilibrium  destroyed  by  the  suction  pump. 

The  plate,  P,  with  its  supporting  hollow  brass  cylinder,  has  been  already 
lescribed  in  the  preceding  article.  The  tube^  surmounted  by  the  disk, 
sed  in  the  combustion  of  phosphorus,  is  removed,  and  in  its  place  a  piece 
f  a  gun  barrel  is,  in  like  manner,  fastened,  so  that  the  butt-end  may 
ocupy  the  ajcis  of  the  cylinder.  The  touch-hole  being  closed,  a  perfora* 
ioD,  similar  in  size,  is  drilled  in  the  end  of  the  barrel,  at  the  point  from 
rhich  the  flame  is  represented  as  proceeding  in  the  figure.  In  order  to 
iroduoe  this  jet  of  vapon2ed  sulphur,  some  cotton  wick  is  wound  about  the 
lod  of  a  rod,  and  tied  on  it  The  tuft,  thus  made,  is  soaked  in  melted 
irimstone.  The  cun  barrel,  during  a  temporary  removal,  is  heated  red- 
Kjl  at  the  butt-end,  where  it  is  perforated.  Being  screwed  into  its  place 
igain,  the  rod,  armed  with  the  cotton  and  sulphur,  is  pushed  up  into  the 
lore  of  the  barieL  By  the  heat  of  the  iron,  the  sulphur  is  converted  into 
i  hot  vapour,  which,  issuing  in  a  jet  from  the  perforation,  enters  into  com* 
totion  with  the  oxygen  in  the  receiver. 

In  conseouence  of  the  rarefaction  of  the  air  in  the  bell,  B,  by  the  suction 
pomp,  the  fumes  of  the  burning  vaporized  sulphur  are  drawn  through  the 
water  in  the  vase  upon  the  stand,  in  which,  consequently,  a  mixed  solution 
of  sulphuric  and  sulphurous  acids  is  produced. 

159.  Large  Gusometerfor  Oxygen. 

The  opposite  engraving  represents  a  section  of  my  gasometer  for  oxy- 
ceo,  which  is  capable  of  holding  between  five  and  six  cubic  feet  of  gas. 
It  is  represented  as  it  was  situated,  when  the  drawing  was  made,  in  the 
eeUar  under  my  lecture  room.  It  is  now  placed  in  the  lecture  room  in 
fioDt  of  my  table,  near  one  end.  The  wooden  tub,  V,  is  necessarily  kept 
nearly  full  of  water.  The  cylindrical  vessel,  T,  of^  tinned  iron,  is  inverted 
b  the  tub,  and  suspended  and  counterpoised  by  the  rope  and  weight,  in 
such  manner  as  to  receive  any  gas  which  may  proceed  from  the  orifice 
of  the  pipe  in  its  axis.  This  pipe,  ptissing  by  means  of  a  water-tight  junc- 
ture through  the  bottom  of  the  tub,  is  extended  to  a  cock  fixed  in  a  cavity 
made  in  the  plank  forming  the  rim  of  the  pneumatic  cistern.  Hence  by 
means  of  this  cock,  and  a  leaden  pipe  soldered  to  a  brass  knob,  properly 
perforated,  a  communication  may  be  established  between  the  cavity  of  the 
gMomctcr  and  any  other  vessel,  for  the  purpose  either  of  introducing  or 
withdrawing  gas.  In  filling  this  gasometer,  the  copper  vessel  and  bell 
glass,  used  in  obtaining  nitrous  oxide,  may  be  employed  advantageously ; 
or  the  counter-weight  being  made  heavier  than  the  vessel  by  appending 
additional  weight  to  the  ring,  K,  the  gas  may  be  sucked  in  from  a  beu 
gbsB,  situated  over  the  pneumatic  cistern,  as  fast  as  it  enters  the  bell  frcmi 
the  generating  apparatus. 

iU  the  gas  displaces  the  water  from  the  cavity  of  the  vessel,  T,  the  lat* 
ter  becomes  more  buoyant  and  consequently  rises.  When  any  gas  is 
withdrawn  or  expelled,  the  water  resumes  its  place,  and  the  vessel  sinks. 

Gasometers  which  contain  40  or  50,000  cubic  feet  have  been  constructed 
QpOD  this  principle  for  holding  the  gas  from  oil  or  coal.  They  are  usually 
koUow  paraildopipeds.  The  upper  vessel  is  generally  made  of  varnished 
ifaaet  iron,  the  lower  one  of  brick-work  or  cast  iron.  The  space  within 
the  lower  vessel,  which  is  included  by  the  upper  one  when  down,  is  fiUed 
up,  80  as  to  lassen  the  quantity  of  water  required.  (See  article  on  carbu- 
retted  hydrogen.) 
28 
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SECTION  II. 
OF    CHLORINE. 

As  a  gas  chlorine  exists  only  by  artificial  means 
as  an  ingredient  in  marine  salt,  in  the  proportion  of 
fifths,  it  constitutes  nearly  one-fiftieth  of  the  matter 
ocean,  and  is  widely  disseminated  throughout  the  land 
well  as  the  sea.    It  is  also  an  ingredient  in  some  of 
most  active  agents  used  in  chemistry  or  medicine, 
was  discovered  by  Scheele,  and  called  by  him  depbloj^ 
ticated  marine  acid.     It  afterwards  received  the  name 
oxygenated  muriatic  acid,  or  oxymuriatic  acid,  from  La^j 
voisier  and  ttie  chemists  who  adopted  his  Domenclature.] 
Its  present  name  was  given  by  Sir  H.  Davy,  from  ;^ai{%] 
green,  because  its  colour  Is  greenish.  I 

Preparation. — It  is  obtained  by  heating  in  a  glass  or] 
leaden  retort  or  alembic,  three  parts  of  black  oxide  rfj 
manganese,  with  four  parts  of  muriatic  acid;  or  the  same] 
quantity  of  this  oxide,  with  eight  parts  of  common  salt,! 
four  parts  of  sulphuric  acid,  and  four  parts'of  water.        I 

Being  a  gas,  it  must  be  received  over  the  hydro-pneM 
matic  cistern  in  bel!  glasses  or  bottles.     As  much  of  it 
absorbed  if  it  remain  long  in  contact  with  the  water, 
generally  employ  glass  bottles  with  air-tight  stopples, 
order  that  they  may  be  removed  from  the  water  as  soM 
as  filled. 

Berzelius  alleges  that  if  the  water  employed  be 
rated  with  salt,  there  is  less  absorption. 

Jars  or  bottles  may  be  filled  with  chlorine  gas,  by 
of  a  tube  or  retort  beak,  as  in  fig.  1,  of  the  following 
graving,  reaching  from  the  generating  vessel  to  the  1 
tom  of  that  into  which  it  is  to  be  introduced.  The  ai 
displaced  by  tlie  chlorine,  in  consequence  of  its  suped 
gravity,  without  any  admixture  ensuing  adequate  to  int( 
fere  with  the  exhibition  of  its  characteristic  properties. 

When  substances  which  take  fire  in  the  gas  are  to  ' 
introduced,  it  is  expedient  that  a  communicalioo  shoi 
exist  with  the  inside  of  a  bladder  attached  as  in  the  fa 
lowing  figures,  which  represent  apparatus,  of  which  fig.' 
may  be  used  for  the  combustion  of  metallic  jwwders,  t 
2  for  that  of  phosphorus,  introduced  by  means  of  the ' 


Properties. — When  pure  and  dry,  chlorine  is  a  perma- 
nent gas  of  a  greenish-yellow  colour.  Its  weight  to  that 
of  common  air,  is  nearly  as  two  and  a  half  to  one.  Even 
when  existing  in  the  air  in  very  small  proportion,  it  is  into- 
lerable to  the  organs  of  respiration,  and  to  respire  it  pure, 
would  quickly  produce  fatal  consequences. 

Mr-  Faraday  has  shown  that,  under  great  pressure, 
chlorine  becomes  a  liquid.  It  will  remain  liquid  some  in- 
stants after  all  pressure  is  removed,  in  consequence  of  the 
great  cold  produced  by  its  evaporation. 

That  species  of  chemical  action  which  is  attended  with 
the  phenomena  of  combustion,  is  supported  by  this  gas 
with  great  energy.  It  combines  directly  with  every  com- 
bustible except  carbon.  It  has  a  curious  property,  tirst 
noticed  by  me  I  believe,  of  exciting  a  sensation  of  warmth; 
though  a  thermometer,  immersed  in  it  at  the  same  time, 
docs  not  indicate  that  its  temperature  is  greater  than  that 
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of  the  adjoining  medium.  Heat  is  probably  produced  I 
a  reaction  with  the  matter  insensibly  perspired. 

Chlorine  is  absorbed  by  water,  and  the  solution  ac 
powerfully  on  metals.  It  appears  to  be  the  only  solva 
of  ^old.  At  the  temperature  of  40^  it  forms  with  water 
solid  hydrate,  consisting  of  1  atom  of  chlorine,  and  1 
atoms  of  water.  Silver,  in  solution,  is  the  best  test  f( 
chlorine;  and,  reciprocally,  chlorine  is  the  best  test  fc 
dissolved  silver.  The  compounds  of  chlorine  with  mei 
cury,  so  useful  in  medicine,  will  be  treated  of  when  on  th 
subject  of  that  metal.  When  the  aqueous  solution  < 
chlorine  is  exposed  to  the  solar  rays,  it  forms  muriati 
acid  with  the  hydrogen  of  the  water,  while  the  oxyge 
escapes.  It  bleaches  by  liberating  the  oxygeo  of  wate 
and  thus  enabling  it  to  act  on  the  colouring  matter. 

Chlorine  gas  was  considered  as  a  compound  of  murii 
tic  acid  and  oxygen,  and  called  oxymuriatic  acid,  ti 
within  about  26  years.  It  is  now  deemed  an  eLementai 
substance,  rendered  gaseous  by  cidoric. 

160.  Experimental  Ittustratians  of  the  PropertUi  of  Chi 

rine* 

Leaves  of  Dutch  gold,  introduced  by  means  of  a  g^ 
rod  into  a  bottle  of  chlorine,  take  fire. 

Effect  upon  the  fingers  compared  with  that  upon 
thermometer. 

An  infiision  of  litmus  whitened  in  falling  through  tl 
gas. 

A  lighted  candle  introduced. 

161.  ConUnuHan  of  ArUimcny  in  Chlorine. 

When  an  air  pump  is  at  hand,  the  following  apparatus  may  be  oi 
for  the  combustion  of  powdered  antimony.  It  consists  of  a  large  j 
closed  air-tight,  and  supported  in  the  screw  rod  and  plate  frame  descrih 
in  article  100,  page  94. 

By  means  of  one  of  the  flexible  pipes  and  cocks  with  which  the  appsr 
tus  is  furnished,  communication  may  be  made  with  an  air  pump,  and  wi 
a  large  vessel,  A  B,  containing  chlorine. 

Into  the  centre  of  the  lid  a  cock  is  fastened,  the  key  of  which,  instoi 
of  being  perforated  as  usual,  is  drilled  only  half  through,  so  as  to  prodw 
an  excavation  capable  of  holding  a  thimbleful  of  powder. 

The  cavity  in  the  key  of  the  cock  is  charged  with  pulverised  antUDOB 
wfaieh,  on  taming  the  key  half  round,  falls  tlurough  the  chlorine,  and  m 
fidb  assumes  the  appearance  of  a  shower  of  fire.    The  code  being,  fio 
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jM  ooutniotkiii,  always  closed,  and  the  juncttucs  b^ng  tight,  tbe  spaatm- 
|gn  «ra  protected  from  the  ooxioui  riimes. 

In  this  experinenl,  tbe  chlorine  ibrma  with  the  ttntimooy,  a  oorapouod 
«Ueli  bu  less  oapacity  for  caloric  and  light  than  its  ingredieiits  have  sepo- 
Utaly.  Hemar  by  their  combination,  the  phenomena  of  combustion  an 
The  product  of  the  combustion  is  the  perchloride. 


162.  Combugtion  of  Metallic  Leaf*  in  CAIorine. 

The  apparaluB  used  in  this  experiment  (See  fig.  1,)  diflers  but  little 
fiom  the  one  above  represented,  b^g  the  same  as  that  described  in  article 
100,  page  94,  excepting  the  funnel,  which  is  unnecessary  in  this  case. 

Into  me  lower  end  of  the  cock  a  rod  of  iron  is  screwed  fast.  This  rod 
is  of  such  dimensions  as  to  extend  from  the  lop  to  the  bottom  of  the  re- 
eesTer,  and  is  supfibrted  within  it,  so  as  Co  be  in  its  axis  or  every  where 
equidistant  from  the  surface. 

Befora  fastening  the  plate  into  the  situation  in  which  it  is  represented  in 
the  figure,  it  must  be  lifted  in  order  to  attach  the  leaf  metal  to  the  rod  with 
the  aid  of  gum  ambic. 

The  amngements  being  so  far  completed,  the  cylindrical  receiver  hav- 

*  H»  raeUl  nnull;  vm^lajtA  U  the  Dutch  gold  luf  oftho  (hops,  u  illof  ptia- 
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ing  been  exhausted  by  means  of  ihe  air  pump,  the  cock,  regulating  iho  com. 
munication  with  that  instrument,  is  to  be  closed,  and  the  other  nhich 
coatrots  the  entrance  of  the  gas  ia  to  be  opened.  By  these  means  the 
leaves  burn  splendidly,  being  simultaneously  enveloped  in  an  atraospheie 
of  chlorine,  which  rushes  in  lo  supply  the  vacuum  caused  by  ibe  ait 
pump. 

Another  method  of  performing  (his  experiment  is  illustrated  by  lig.  2. 


The  metallic  loaves  being  suspended  from  the  plate  which  clos 
bell,  B,  and  this  bell  being  exhausted  of  air  by  means  of  the  pump,  chlo- 
rine is  suddenly  admitted  into  it  by  the  glass  cook  from  the  bell  riass,  A, 
previously  suppUed  with  the  gas. 

163.  Spontaneous  Combmtion  of  Pkosphonis  in  Chlorine. 

The  following  figure  is  intended  to  convey  an  idea  of  the  spontiuiooiH 

mflammaiion  of  phosphorus  in  chloriiie,  by  means  of  aa  apparatus  wfaic^ 
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the  experiment  withoiii  cxposijig  spcctalors 


fiblei  the  lecturer  lo  perfon 
*  to  Ibo  fumes. 

Let  there  be  a  cylindrical  glass  vessel,  (see  Ihc  above  figure)  eight  or 

oillB  iochee  'm  diameter,  and  about  a  foot  in  height,  wilh  a  neck  about  four 

ioilMi  lugh,  and  one  and  a  half  inchos  in  bore;  the  whole  resembling  a 

faigB  decanter  without  a  bottom.      About  the  orifice  of  the  neck,  let  there 

be  ccmcmtcd,  air-tight,  a  brass  cap,  surmounted  by  a.  slufEng  box,  and 

btring  on  one  side  a  hole  communicaling  with  the  cavity  uf  the  neck. 

This  aperture  must  be  furnished  with  a  thumb  screw,  by  which  it  may  be 

Dpeoed  or  closed  at  pleosuro.     Through  the  stuffing  box  a  copper  rod 

pUKs,  at  the  lower  end  or  which  a  glass  or  leaden  stopple  is  so  afRxed,  as 

lo  doeo  the  lower  part  of  the  neck,  into  which  it  is  ground  to  fit  air-tight. 

Over  this  stopple,  a  cup  of  copper  is  raldered,  so  as  to  be  concentric  with 

the  tod.     The  rod  terminates  above  in  a  handle.     Within  the  cup,  let  ten 

«  MecQ  erains  of  phoaphorus  be  placed-     This  is  easily  efTecied  when 

Ihe  cup  and  plug  are  depressed  into  the  lower  part  of  the  cavity  of  the  ves- 

id,  by  a  suitable  movcmeni  of  the  sliding  rod.     In  the  next  place  draw 

up  the  cup  and  plug  into  the  neck,  so  as  nearly  hut  not  entirely  lo  close 

it.  Dnd  sink  the  vessel  into  the  water  of  the  pneumatic  cistern  until 

ill  the  air  below  the  neck  is  expelled  through  the  hole  in  the  side  of  it, 

*hicli  is  then  to  be  closed  by  means  of  the  screw,  and  the  plug  twisted 

w!  drawn  into  its  place,  bo  as  to  be  air-light.     After  Riling  the  body  of 

,     lli»ves»cl  thus  with  water  place  it  upon  the  shelf  of  the  cistern.     Chlorine 

I     naji  Doir  be  allowed  to  occupy  three-fourths  of  the  apace  within  the  veead 
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below  the  plug.  The  proceaa  being  so  tar  advanced,  it  is  only  necessary, 
St  the  moment  wheo  it  is  desirable  to  produce  the  cotnbusliou,  to  depiea 
the  plug,  aad  of  course  ll)c  cup  associated  with  it  containing  the  phospho 
rua,  into  the  cavity  supplied  with  the  chlorine.  The  phosphorus  uxa 
burns  actively,  although  with  a  Ibcble  light. 

The  increased  temperature  consequent  to  the  combtislion,  causes  the  gu 
to  expand,  but  do(  so  much  as  to  become  too  bulky  to  be  retained. 

In  this  case  the  chlorine  forma  a  chloride  of  phosphorus,  which  meeting 
with  water  is  decomposed  into  phoapboric  and  muriatic  acids.  By  trsiu- 
lerring  the  vessel,  al\er  it  is  supplied  with  chlorine,  to  a  cleau  porcelain  or 
glass  dish,  covered  with  pure  water,  the  products  of  this  combustion  migli 
be  saved,  and  would  of  course  increue  in  proportion  to  the  quantity  of 
phosphorus  and  chlorine  employed.  On  a  larger  scale,  this  process  might 
be  resorted  to  advantageously  for  the  generation  of  phosphoric  acid,  wmch 
is  produced  when  the  proportion  of  chlorine  Is  sufficient;  say  four  cuius 
inches  for  every  grain  of  phosphorus. 

Of  tke  NomcTiclature  of  the  Compouad»  of  the  Basatigen  Clast. 

Consistently  with  the  French  nonwnclalure,  the  combinations  formed 
by  oxygen,  chlorine,  bromine,  iodine,  and  duorint',  with  other  elements, 
have  been  distinguished  an  acidg,  or  characterized  by  a  termiaalioti  in 
"We,"  or  in  "ure,"  which  last  monosyllable,  when  there  has  beea  no 
intention  of  altering  ihe  meaning,  has,  by  the  Brilisii  chemists,  been  trans- 
lated into  vrel.  The  termination  in  ide,  which  is  common  to  both  lan- 
guages, is,  by  Thenard,  and  other  eminent  French  authors,  restricted  to 
the  binary  compounds  of  oxygen  which  are  not  acid.  Analogous  com- 
pounds formed  with  the  halogen  elements,  chlorine,  bromine,  iodine,  fluo- 
rine, cyanogen,  &c.,  have  by  the  same  writer  been  designated  by  the 
termination  in  ure.  Thus  we  have  in  hia  work,  chlorures,  bromures,  io- 
dures,  duorures,  cyanures.  Some  uf  the  most  eminent  chemists  in  Gieat 
Britain  have  distinguished  the  elements  called  halogen  by  Berzelius,  to- 
gether with  oxygen,  as  supporters  of  combustion,  and  have  designated  the 
binary  compounds  made  with  them,  when  not  acid,  by  the  same  termins* 
tion  as  the  analogous  compounds  of  oxygen.  Accordingly  in  their  writ- 
ings, instead  oftbe  names  above  mentioned,  we  have  chlorides,  bromide^ 
iodides,  fluorides.  In  Henry'*  Chemistry,  cyanure  is  represented  by  cyto- 
ide,  in  Thomson's,  by  cyunodide,  and  in  Brande's  and  Turner's  by  cyanureb 
I  shall  follow  the  practice  of  the  British  chemists  in  the  case  of  the  four  firaf 
mentioned  compomids,  extending  it  to  the  compounds  of  cyanogen,  as 
Henry  has  done. 

Theae  rules  of  nomenclature  will  be  considered  as  extending  to  all  tbo 
bosacigen  class.  Of  course  the  compounds  of  sulphur,  selenium  and  tel- 
lurium, when  not  acid,  will  be  designated  by  appellations  terminating  b 
ide.  In  lieu,  therefore,  o(  milphurel,  sehnvret  and  ttUurtt,  I  shall  employ 
the  words,  lulpkide,  selenide  and  telluride. 

COMPOUNDS  OF  CHLORINE  WITH  OXYGEN. 

iWiih  1  atom,  or  i  volume  of  oxygen,  euchlorine  or 
the  protoxide  of  chlorine,       ...         44 
With  3  atoms,  or  H  volumes  of  oxygen,  ehloroiM 
acid, 50 
With  5  atoms,  or  3i  volumes  of  oxygen,  chlorie 
acid, 74 
With  7  atoms,  orS^  vt^umes  of  oxygen,  oxychkxia 
acid, 
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Of  Euehlorinef  or  Protoxide  of  Chlorine. 

Pr^araHoiu — It  is  obtained  by  heating  gently,  in  a  small  glass  retort, 
sqnal  parts  of  strong  muriatic  acid,  water,  and  chlorate  of  pcSash.  The 
retort  should  only  be  subjected  to  the  flame  of  a  small  spirit  lamp,  or  an 
nflamed  jet  of  hydrogen,  which  should  be  so  situated  as  not  to  beat  the 
X)dy  of  the  retort  above  the  part  containing  the  liquid ;  as  this  may  cause 
in  eiplosion.  It  is  advantageous  to  interpose,  as  a  support  for  the  retort, 
i  plate  of  tin,  having  a  circular  aperture  of  about  an  inch  and  a  half  in 
liameter.  By  these  means,  the  application  of  the  heat  may  be  sufficiently 
[estricted. 

The  gas  may  be  received  over  mercury,  although  not  without  incon- 
Fenience;  since  either  by  its  decomposition,  or  in  consequence  of  some  free 
chlorine  with  which  it  is  accompanied,  the  mercury  is  partially  converted 
into  a  chloride,  or,  as  it  would  seem  from  its  dark  hue,  a  subchloride. 
The  compound  thus  formed,  by  adhering  to  the  glass,  obscures  it,  so  that 
the  colour  of  the  gas  is  seen  with  some  difficulty. 
*  The  method,  mentioned  in  the  case  of  chlorine,  of  conveying  the  gas 
into  a  jar  or  bottle  through  a  tube  descending  to  th^hottom,  wheace  by 
its  inferior  weight  the  air  is  displaced,  is  recommended  by  Professor  SilU- 
msn  in  the  case  of  the  gas  under  consideration ;  and  latterly  I  have  myaM 
nsorled  to  it  with  advantage. 

Raiumak. — It  may  be  supposed  that  in  this  case  the  chkmtB  of  potash 
i#ooQverted  into  a  chloride  of  potassium,  and  that  all  the  ODcygen  of  the 
add  and  alkali  is  liberated,  making  six  atoms  of  oxygen.  These  six  atoms 
may  form  three  atoms  of  water  with  the  hydrogen  of  three  atoms  of  mu- 
liatic  acid,  and  three  atoms  of  protoxide  with  the  three  atoms  of  the  chlo* 
rioe  of  the  same  acid. 

Properties. — Euchlorine  has  a  peculiar  and  suffocating  odour,  which  in 
some  degree  resembles  that  of  chlorine,  mingled  with  that  of  burnt  sugar. 
Its  colour  is  an  orange-yellow,  with  a  slight  tinge  of  green.  It  first  red- 
dens, and  then  whitens  litmus  paper.  At  the  temperature  of  100^  its 
dements  separate  with  great  violence,  and  with  the  disengagement  of  light 
and  heat.  Afler  explosion,  according  to  Sir  Humphry  Davy,  it  occupies 
ooe-fiflh  more  space  than  before.  Berzelius,  however,  alleges  that  a  par- 
tial decomposition  must  have  taken  place  in  the  experiments  of  Davy 
before  the  explosion.  He  estimates  the  expansion  at  one-half  the  previous 
Tolume  of  the  gas. 

When  mingled  with  muriatic  acid  gas,  and  subjected  to  a  high  tempera- 
ture, it  iJl^esolved  into  chlorine  and  water.  When  brought  in  contact 
with  phosphorus  it  explodes.  The  same  eilect  is  produced,  afler  some 
time,  by  sulphur.  Antimony  or  arsenic  in  powder,  or  Dutch  leaf,  fre- 
quently causes  it  to  explode.  This  effect,  however,  may  be  due  to  the 
presence  of  uncombined  chlorine. 

Incandescent  coals,  plunged  into  euchlorine,  bum  vividly  at  first,  but 
are  afterwards  extinguished.  This  gas  is  slowly  absorbed  by  mercury. 
Water  absorbs  eight  or  ten  times  its  bulk,  acquiring  an  acrid  and  almost 
add  taste,  and  a  yellow  colour. 

Doubts  are  entertained  whether  this  gas  be  not  a  mixture  of  chlorous 
acid  with  chlorine. 
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164.  Experimental  Illufitratxons- 
Euchlorine,  generated  by  the  process  abovementioi 
and  collected  over  mercury.    Portions  of  euchlorine, 
ploded  by  Dutch  gold,  antimony,  or  arsenic,  previol 
heated,  and  especially  by  phosphorus. 

165.  Explosion  of  Euehlorine. 


A  convenient  and  safe  method  of  effecting  the  explosion  of  euchk 
per  se  is  represented  in  llie  preceding  figure.  The  gas  being  inliod 
into  a  strong  tube  of  about  ftha  of  an  inch  in  diameter,  and  fifteen  in 
in  length,  over  mercury,  on  applying  a  healed  metatlic  ring,  an  expk 
ensues.  The  gas  at  tlie  same  lime  loaes  its  greenish -yellow  colour, 
increases  tn  bulk;  each  volume  being  convert^  into  half  a  volume  ofi 
gen,  and  one  volume  of  chlorine. 

The  chlorine  is  subsequently  absorbed  by  the  mercury. 

Thenard  advises  the  application  ofa  spirit  lamp  lo  produce  the  necei 
temperature,  ll  is  easier  and  more  safe  lo  use  the  hot  ring.  The 
must  be  supported  by  an  iron  wire,  which  has  been  overlooked  in  ski 
ing  the  figure. 

Rationale. — Agreeably  to  the  idea  that  aeriform  fluids  owe  their  n 
sive  power  to  caloric,  there  ought,  aAer  an  evolution  of  heat,  to  be  i 
duclion  of  volume  in  any  gaseous  compound;  but  by  the  decompositk 
euchlorine,  although  caloric  is  evolved  with  explosive  violence,  the  yd 
of  the  gaseous  matter  is  increased. 

The  only  explanation  which  I  can  give,  is  that  the  capacity  for  ca 
of  the  compound  in  this  case,  as  in  others,  is  greater  than  the  sum  of 
capacities  of  the  constituents.  Why  the  capacity  of  the  compound  A 
be  greater,  and  wherefore  caloric  should  be  more  forcibly  attracted  b 
atom  of  oxygen  and  an  atom  of  chlorine  when  uniled  than  when  sepa 
1  cannot  explain.  This  and  other  analogous  mysteries  are  no  doubt 
nected  with  tboee  of  electricity,  galvanism,  and  electro-magnetism. 

Of  CMorout  Acid,  eaUed  aUo  Tritoxide,  Quadroxide  and  PeroxU 

Chlorine. 

It  is  obtained  over  mercury  by  distilling  one  part  of  chlorate  of  po 

fused  into  a  mass,  at  the  bottom  of  a  small  glass  retort,  with  abou 

parts  of  concentrated  sulphuric  acid.     The  evolution  of  the  gas  lakes  { 

without  heal  at  first,  but  to  be  completed  requires  a  temperature  net 

140°.     This  should  not  be  exceeded,  and  the  heat  should  be  restride 

the  bottom  of  the  retort  as  in  the  case  of  euchlorine.     The  procei 

replete  with  danger,  as  from  slight  causes  this  gas  explodes  with  sat 

'  -ce. 

'onate. — By  the  action  of  sulphuric  acid  on  chlorate  of  poMab, 
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I  are  produced,  chlorous  and  oxychloric  acid.     The  former  is 

the  gaseous  stale,  the  lailer  remains  in  union  with  the  potash. 
xm  as  iCone  portion  of  the  chloric  acid  were  dbplaced  from  its 

the  potash  by  the  superior  affinity  of  the  aujpburic  acid,  and 
uished  a  part  of  its  oxygen  to  another  portion  of  the  same  acid, 
ton  with  the  alkali.  The  chlorate  of  potash  is  thus  partially 
into  an  oaychlorate.     The  deoxidized  chloric  acid  constitutes  a 

which  is  designated  by  Berzelius  as  chlorous  acid.     It  com- 
i  nascent  with  bases,  forming  the  bleaching  or  disinfecting  sails, 
known  as  chlorides  of  soda,  potash,  and  lime,  and  which  must 
lied  chloriies. 
B  acid  gas  haa  a  yellow  colour,  which  b  deeper  than  that  of 

Its  odour  is  sontewhat  aromatic,  and  bears  no  resemblance  to 
torine.  It  whitens  a  solution  of  litmus,  without  reddening  it. 
ijected  to  an  electric  spark,  or  to  a  temperature  of  212",  it  ex- 
1  great  violence,  giving  out  light  and  heat  and  being  converted 
le  end  oxygen.  Agitating  the  gas  with  mercury  will  sometimes 
e  same  result. 

ibsorbs  seven  times  its  volume  of  chlorous  acid  gas,  acquiring  a 
IV  colour,  and  a  peculiar  acrid  taste,  which  is  nevertheless  not  at 
The  aqueous  solution,  when  added  in  small  quantities,  possesses 
of  reddening  htmus,  and  when  exposed  directly  to  the  sim's  rays 
lorine,  while  oxychloric  acid  remains  in  solution.  In  a  diffiise 
kes  several  weeks  to  effect  this  decomposition,  and  it  does  not 
at  all  in  the  dark.  Faraday  has  found  that  chlorous  acid  gas 
]uefied  by  subjecting  it  to  great  pressure.  The  resulting  liquid 
bw  colour.  When  this  acid  is  brought  in  contact  with  a  base,  a 
it  is  decomposed,  and  a  chlorate,  chlorite,  and  chloride  ai 
Dg  to  Balard,  chlorous  acid  contains  only  two  atoms  of  oxygei. 
^lorine. 

aratus  for  txkibiting  tafely  the  ExpU 

joining  figure  represents  an  appara- 
hibiting,  without  danger  to  the  spec- 

detonalion  of  chlorous  acid, 
nbe  of  nearly  jlhs  of  an  inch  in  dia- 
i  sealed  at  one  end,  about  as  much 
(  potash  is  introdticed  as  will  rise 

bottom  about  one  inch.  The  mass 
£d  is  to  be  fused  by  means  of  a  spi- 
>r  chaufier. 

be,  being  then  charged  with  a  due 
I  of  sulphuric  acid,  is  corked  gently, 
nded  within  a  slout  glass  cylinder, 
>  drawing.  It  is  then  surrounded, 
ollom,  by  another  tube,  supplied  with 
Iter.  At  first,  the  hot  water  is  applied 
Kt  part  of  the  tube  which  contains  the 
pasDon  as  the  inner  tube  is  pervaded 
Ush-yetlow  colour,  demonstrating  the 
of  the  chlorous  acid,  the  outer  tube 
[  the  water  is  to  be  raised,  so  that  the 
B  genasUy  heated  by  it.  An  explo- 
feUowB,  from  the  influence  of  which 
I  ve  protected  hy  ihe  glasa  cylindor. 


I 
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Of  Chloric  Acid. 

Pr€paraii€fiu~^\i  may  be  obtained  by  passing  chlorine  through  water» 
containing  oxide  of  silver  in  suspension. 

It  is  alw)  procured  by  precipitating  the  potash  from  the  chlorate  by  fluo- 
hydrosilidc  acid,  and  filtration  and  evaporation.  Should  any  chlorate  re- 
main, it  may  be  removed  by  alcohol,  which  aflerwards  spontaneously  eva^ 
porates.  It  was  in  the  first  instance  discovered  by  precipitating  baryta 
from  the  chlorate  of  baryta  by  sulphuric  acid.  In  that  way  it  cannot  be 
obtained  free  from  sulphuric  acid ;  as  it  forms  with  this  acid  a  compound 
more  difficult  to  decompose  than  pure  chloric  acid.  From  this  it  diflerB 
also  in  reddening,  without  whitening  litmus. 

Properties.—Ai  is  an  oleaginous  liquid,  colourless,  sour,  and  astringent 
It  is  inodorous,  first  reddens  and  then  whitens  litmus.  It  docs  not  precipi- 
tate solutions  of  lead,  mercury,  or  silver.  It  is  partially  decomposed  by 
distillation.  With  muriatic  acid  it  produces  water  and  chlorine.  It  dis- 
solves zinc  and  iron  with  disengagement  of  hydrogen  gas. 

Chloric  acid  is  decomposed  by  a  number  of  combustible  bodies,  and  like- 
wise by  sulphurous  and  phosphorous  acids,  and  sulphuretted  hydrogen. 
Many  bodies  which  do  not  act  upon  it  in  the  dark,  decompose  it  in  the 
solar  rays. 

Of  Oxychloric  or  Perchloric  Acid. 

Preparation. — Afler  the  chlorous  acid  has  been  liberated  from  chlorate 
of  jpotiUBh,  agreeably  to  the  explanation  given,  page  168,  a  portion  of  ozy- 
fddorate  of  potash  remains.  This  is  mingled  with  bisulphate  of  potash 
fimned  at  the  same  time,  but  may  be  separated  by  repeated  solution  and 
crystallization,  as  the  bisulphate  is  more  soluble.  When  the  oxychlorate 
has  been  thus  purified,  the  acid  may  be  obtained  from  it  by  distillation 
in  a  retort  with  its  own  weight  of  sulphuric  acid,  diluted  with  a  like 
weight  of  water  at  the  ttimpcrature  of  280°.  It  is  rendered  more  pure 
by  cai-cfully  precipitating  the  sulphuric  acid  which  comes  over  with  it, 
by  means  of  barytic  water,  and  redistillation. 

Properties. — According  to  Berzelius,  it  exists  only  as  a  liquid  in  com- 
bination with  water,  being  limpid,  colourless,  and  having  a  lively  add 
taste.  It  reddens,  but  does  not  subsequently  bleach  an  infusion  of  litmus. 
It  is  decomposed  neither  by  the  solar  rays,  sulphurous  acid,  nor  sulphu- 
retted hydrogen.  It  dissolves  zinc  and  iron  with  disengagement  of  hydro- 
gen. It  exorcises  strong  affinities,  and  is  the  most  enduring  of  the  combi- 
nations of  chlorine  with  oxygen;  which  is  the  more  surprismg,  as  it  is  io 
general  true  that  in  proportion  as  any  one  ingredient  predominates  in  a 
compound  it  is  the  more  easily  separated  in  part. 


SECTION  IIL 
OF  BROMINE. 


This  name  has  been  given  to  a  substance  analogous  to 
chlorine,  from  the  Greek  ^p^fui,  fetidity. 

Bromine  was  discovereid  by  Balard  in  1826,  in  the  mo- 
ther waters  of  marine  salt,  at  the  salt  works  of  MontpeDier 


(* 


in  France.  Since  then  it  has  been  found  in  the  water  of 
the  Dead  Sea,  and  in  the  greater  part  of  the  salt  springs 
ol"  the  continent,  especially  those  of  Germany.  In  those 
of  Theodorshalle  near  Kreuznach,  a  sufficient  quantity 
has  been  found,  to  make  it  profitable  to  eflect  its  extrac- 
tion. 

Common  salt,  in  its  natural  state,  often  contains  traces 
of  the  bromides  of  sodium  or  magnesium. 

Preparation. — The  mother  water  of  marine,  or  common 
salt,  is  impregnated  with  chlorine,  until  it  acquires  a  hya- 
cinth-red tinge.  The  chlorine  combines  with  the  hydro- 
gen and  earth  of  a  hydrobromate  of  magnesia,  which  ex- 
ists in  that  water.  Tlie  bromine,  thus  displaced,  mingles 
with  the  water,  which  is  to  be  washed  with  ether-  The 
resulting  ethereal  solution  of  bromine,  being  treated  with 
potash,  a  bromide  of  potassium  is  produced,  which,  heated 
in  a  retort  with  diluted  sulphuric  acid  and  manganese, 
yields  bromine,  as  chlorine  is  obtained  from  a  chloride 
by  like  treatment. 

Properties. — Bromine  is  a  liquid,  and  is  so  volatile,  that 
a  single  drop  is  sufficient  to  fill  a  flask  with  its  reddish- 
brown  vapour.  The  specific  gravity  of  bromine  is  2.966, 
being  nearly  three  times  the  weigtit  of  its  bulk  of  water. 
It  fireezes  at  a  temperature  of  Irom  T  to  12°  below  zero. 
It  has,  when  frozen,  a  crystalline  and  leafy  texture,  with  a 
lead-gray  colour,  and  a  lustre  almost  metallic.  It  boils 
at  the  temperature  nearly  of  89°,  forming  a  vapour  re- 
sembling that  of  nitrous  acid,  and  more  than  five  times  as 
heavy  as  atmospheric  air.  It  does  not  conduct  electricity. 
Flame  is  extinguished  in  the  vapour  of  bromine,  acquiring 
a  greenish  colour  previous  to  its  extmction.  Bromine  is 
slightly  soluble  in  water,  and  its  solubility  is  not  sensibly 
augmented  by  heat.  Tlie  solution  has  an  orange  colour, 
and  emits  red  fumes.  It  is  more  soluble  in  alcohol  than 
in  water,  and  in  ether  still  more  so  than  in  alcohol. 

It  acts  upon  vegetable  colours  like  chlorine,  and  indeed 
J^ne  a  similar  influence  upon  organic  products  gctierally; 
it  decomposes  them  in  consequence  of  its  affinity  fur 
l^drogen.  Bromine  combines  with  starch,  producing  u 
rellow  compound.  It  corrodes  the  skin,  producing  a  yel- 
low tinge,  which  continues  tilt  the  skin  is  renovated.  In 
habitudes  with  oxygen,  hydrogen,  sulphur,  and  plios- 
•ruB,  it  has  a  great  analogy  with  chlorine,  but  generally 
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its  affinities  are  not  so  strong.    When  taken  internally, 
bromine  acts  as  a  virulent  poison. 

Bromine  is  supposed  to  be  one  of  the  active  substances 
in  mineral  springs,  especially  in  those  which  contain  com- 
mon salt.  By  means  of  nitric  acid  bromine  may  be  ob- 
tained from  the  mother  waters  in  which  it  exists  in  the 
form  of  a  deep  brown  precipitate ;  but  there  is  much  lost 
by  its  solution,  and  subsequent  volatilization  during  the 
evaporation  of  the  solvent. 

167.  Experimental  lUusiration. 
Bromine  exhibited  as  a  Uquid  and  in  vapour. 

COMPOUNDS  OF  BROMINE  WITH  OXYGEN  AND  CHLORINE. 

Cf  Brondc  Acid. 

Bromine  forms  but  one  compoimd  with  oxygen,  called  bromic  add, 
which  was  discovered  by  Balardf. 

Preparation. — When  sulphuric  acid  is  added  to  bromate  of  baryta  di»- 
solved  in  water,  a  sulphate  of  bar3rta  is  precipitated,  and  bromic  acid  ie> 
mains  in  solution,  which  may  afterwards  be  concentrated  by  evapoialioOi 
See  chlorates. 

Properties. — ^Bromic  acid,  thus  obtained,  is  a  liquid  of  the  oonmatwim 
of  syrup.  If  we  endeavour  to  remove  any  farther  portion  of  the  water, 
the  acid  is  decomposed  into  oxygen  and  bromine. 

Bromic  acid  first  reddens  and  then  whitens  litmus  paper.  It  hat  t 
strong  taste,  acid  but  not  caustic  Its  odour  is  hardly  perceptible.  Sul- 
phurous and  phosphorous  acid,  and  all  the  acids  which  have  hydrogen  for 
their  radical,  decompose  it  by  removing  the  oxygen.  Concentrated  sul- 
phuric acid  produces  the  same  efiect  by  removing  the  water,  without  which 
bromic  acid  cannot  exist. 

Bromic  acid  is  composed  of  one  atom  of  bromine  78,  and  five  of  oxygen 
40.     Its  equivalent  is  therefore  118. 

Of  Chloride  of  Bromine. 

When  a  current  of  chlorine  is  passed  through  bromine,  a  liquid  eon- 
pound  is  produced  of  a  reddish-yellow  colour,,  but  not  so  deep  as  that  of 
bromine.  This  liquid  is  volatile,  of  an  intolerable  smell,  producing  tean, 
has  an  excessively  disagreeable  taste,  and  a  colour  resembling  that  of  en- 
chlorine. 

Water  dissolves  this  chloride,  acquiring  the  power  of  bleaching  litmni* 
Bases  produce  with  its  ingredients,  a  bromate,  a  bromide,  and  a  " 
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I  be  Been  by  the  subjoined  quotation  from  Tbom- 
irganic  Chemistry,  that  this  element  is  widely 
bt  copiously  disseminated  throughout  nature. 

O  detected  in  various  sea  plants  by  Gaultier  de  Claubry. 
D  fucus  saccharjnus,  fuiMs  digitatus,  fucus  vesiculosus,  fucus 
jHUs  siliquosus,  and  fucus  filum.  Davy  found  indications  of  the 
f  iodine  in  the  ashes  of  fucus  cartilagineus,  fucus  membranaceus, 
pa,  fucus  lilam<^niosus,  uIvb  pavonia,  and  ulva  linza. 
'ie  informs  us  that  he  found  it  in  the  ashes  of  fucus  nodosus,  fucus 
■a  digitatus,  the  ulva  umbilicalis,  and  the  common  sponge. 
i  not  detect  it  in  sea  water,  nor  in  any  land  vegetable. 
ter  Ibund  it  in  the  sulphureous  mineral  waters  of  Coitelnovo 
^dmont,  so  celebroled  for  curing  ihe  goitre  and  other  glandular 
rn.  Angelini  had  previously  detected  it  in  the  mineral  waters 
the  same  country.  M.  Boussingault  delected  it  in  a  yellowish 
l^t  from  the  province  of  Antioquia  in  South  America,  and  em- 
vfully  as  a  cure  for  the  goitre.  M.  Kriiger  of  Rostock,  found 
.  Ibtti  ley  of  the  Siilzer  salt  spring  iu  Mecklenburg  Schwerin. 
ffeund  it  in  the  mineral  spring  of  Bonnington  near  Ldth;  and 
,  Professor  of  Cliemislry  in  Oxford,  found  it  In  various  salt 

kists  also  in  the  mineral  kingdom.  Yauquelin  found  an  iodide 
R  mineral  from  Mexico  which  he  analyzed.  But  he  has  given 
'n  of  the  mineral,  nor  did  he  determine  the  proportion  of  the 

tthe  experimentB  of  Dr.  Steele,  it  appears  that 
IBts  in  the  mineral  waters  of  Saratoga. 
mlion. — Iodine  is  obtained  from  the  lixivium  of 
D  which  carbonate  of  soda  is  manufactured.  After 
)da  has  been  crystalUzed,  the  residuum  is  concen- 
|bd  being  heated  with  sulphuric  acid,  in  a  retort, 
s  passes  over,  and  condenses  in  shining  crystals 
mse  purple  or  black  colour. 
|itionale  of  this  process  is  analogous  to  that  for 
[  chlorine  by  salt  and  sulphuric  acid,  excepting 
presence  of  manganese  is  not  indispensable;  sul- 
ygen  being  imparted,  in  the  case  of  iodine,  by 

I  decomposition  of  the  sulphuric  acid  into  sul- 
hcid.  But  it  will  be  more  proper  to  recur  to  this 
lereafter,  in  treating  of  the  chlorides  and  chlo- 
1  iodides  and  iodates.     Although  not  absolutely 

■,  the  presence  of  about  one-sixth  part  of  manga- 
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ncse  is  advantageous  by  preventing  the  contamioating 
evolution  of  sulphurous  acid. 

Iodine  may  be  precipitated  from  the  mother  waters  of 
salts  with  which  it  is  naturally  associated,  by  a  mixture 
of  eight  parts  of  sulphate  of  copper,  and  one  of  green  sul-'' 
phate  of  iron.     From  this  precipitate  iodine  may  be  ob-  ■ 
tained  by  intense  ignition,  in  a  retort,  with  an  equal  quan- 
tity of  dry  peroxide  of  manganese. 

Properties. — When  solid  iodine  is  of  a  bluish-black  co- 
lour, friable,  and  almost  insoluble.  It  stains  the  skin  yel- 
low. It  fuses  at  225°  and  volatilizes  at  350°,  in  a  beautiiiil 
violet  vapour,  whence  it  derives  its  name  from  the  Greek 
imtn,  violet-coloured.  Its  taste  is  acrid  and  hot,  and  cob* 
tinues  for  a  long  time  in  the  mouth.  When  taken  inte^ 
nally  it  acts  as  a  poison.  It  is  incombustible  either  a 
oxygen,  or  atmosiiberic  air;  but  forms  acids  severally 
with  oxygen,  chlorme,  and  hydrogen,  called  iodic,  chloric- 
die  and  iodohydric*  acids.  In  its  habitudes  with  the 
Voltaic  pile,  it  is  more  electro-negative  than  any  other 
matter,  excepting  oxygen,  sulphur,  chlorine,  bromine,  and 
probably  fluorine.  With  starch,  (fecula,)  iodine  produces 
an  intensely  blue  colour;  so  that  these  substances  are 
reciprocally  tests  for  each  other.  When  moistened  it 
vaporizes  perceptibly,  producing  an  odour  similar  to  thai 
of  chlorine,  but  which  yet  has  a  peculiar  character.  The 
specific  gravity  of  iodine  in  the  solid  state  is  4.946. 

The  vapour  of  iodine  is  alleged  to  have  tlie  highest 
specific  gravity  of  any  known  aeriform  fluid,  being  8.716, 
or  nearly  nine  times  as  heavy  as  atmospheric  air.  In 
condensing  it  is  peculiarly  prone  to  crystallize,  assuming 
the  form  of  an  elongated  octoedron,  with  a  rhomboidal 
base.  Water  does  not  dissolve  more  than  rcWth  of  ita 
weight,  acquiruig  a  russet  colour,  but  no  taste,  WTien 
the  water  has  a  salt  added  to  it,  especially  muriate  or  ni- 
trate of  ammonia,  it  dissolves  a  larger  quantity  of  iodine. 
The  aqueous  solution  does  not  give  out  oxygen  in  the  solar 
rays,  nor  destroy  vegetable  colours.  It  has  in  other  re- 
spects a  great  analogy  to  chlorine,  and  bromine,  thou^ 
more  feeble  in  its  aflinities  than  either- 

Soubeiran  recommends  that,  in  order  to  apply  starch 


'  The  term  h}'driodic  hu  iiithetto  been  applied 
well  lu  iD/i(^1f,  calls  ii  iodohydric  scid.    The  coiuidenUio&a  which  induoad 
tnake  this  change  wilt  be  given  lieroan«T. 
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*  a  test  for  iodine,  the  liquid  to  be  essayed  should  be 
rendered  slightly  acid  by  means  of  nitric  acid.  Ai^er  this 
addition  and  that  of  the  starch,  it  will,  in  the  course  of 
an  hour,  acquire  successively  a  reddish  tint,  a  brownish- 
red,  a  blue,  and  finally  a  black  colour;  or,  in  other  words, 
the  blue  by  its  intensity,  becomes  equivalent  to  black. 

It  has  been  alleged  that  in  this  way  iodine  may  be  de- 
tected in  a  liquid  of  which  it  forms  only  the  innnnsth 
part. 

Another  mode  is  to  include  the  liquid  to  be  tested  in  a 
bottle  made  air-tight  by  means  of  a  cork,  from  which  is 
gaspended  a  piece  of  moist  paper  sprinkled  with  finely 
powdered  starch.  If  iodine  be  present,  it  will  tinge  the 
starch.  It  is  alleged  by  Baup  that  iodine  may  be  thus 
discovered,  when  existing  in  a  liquid,  in  a  proportion  no 
greater  than  that  of  a  millionth. 

Balard  recommends  that,  after  boiling  the  liquid  with  a 
small  quantity  of  starch,  a  solution  of  chlorine  in  water 
be  added  by  means  of  a  tube  descending  to  the  bottom. 
The  chlorine,  at  the  line  of  contact,  disengages  the  iodine 
firom  its  combinations,  and  enables  it  to  act  upon  the 
starch.  I  resorted  to  a  similar  process,  fifteen  years  ago, 
using  sulphuric  acid  in  the  manner  in  which  the  chlorine 
is  employed  by  Balard. 

168.  Experimental  Illustrations. 

A  glass  sphere  containing  iodine,  on  being  warmed, 
appears  filled  with  a  violet-coloured  vapour. 

To  a  large  glass  vessel,  containing  some  boiled  starch 
diffused  in  water,  a  small  quantity  of  iodine  being  added, 
the  fluid  becomes  intensely  blue- 

Process  for  the  extemporaneous  Evolution  of  Iodine. 
nearly  to  the  leniperalure  of  ebullition  about  two  ounces  of  con- 
rated  sulphuric  acid,  in  a  glass  globe  like  that  represented  in  the  fol- 
Iriiig  figure. 

It  is  preferable  to  have  the  whole  of  the  globe  heated  by  suspending  it, 
with  due  caution,  over  a  large  charcoal  fire.  Then  quickly  transferring 
it  to  the  iron  iripod,  previously  healed,  and  furnished  with  a  small  bed  of 
Iwt  sand,  ihrow  inlo  ihc  acid  about  half  a  drachm  of  iodide  of  potassium, 
sometimes  called  hydriodaie  of  potash.  Instantaneously  the  cavity  of  the 
globe  will  become  replete  with  the  splendid  violet  vapour  of  iodine,  which 
"I  soon  after  condcnise,  on  those  portions  of  the  glass  which  are  first  re- 
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frigerated,  in  cryslols,  symmeiri- 
cafly  arrangixi,  of  great  beauty 
and  iinusunl  size. 

li  ia  pt'rliaps  more  coDvenienl, 
as  respects  tbe  manipulation,  to 
havo  [lte  globe  suspended  by  ■ 
crane  like  that  used  for  tbe  su» 
pension  of  large  kettles,  render' 
ing  it  easy  by  a  drcular  niotiaa 
to  swing  them  on  or  off  tbe  fire. 
By  similar  management  tbe  globa 
may  be  first  kept  over  tbe  Era  , 
till  sufficiently  hot,  and  then 
swung  off  to  receive  the  salt.  A 
method  more  attainable  in  tbe 
small  way,  is  that  of  placing  tba 
vessel  employed  in  a  small  inn 
skillet,  in  which  it  may  be  made 
steady  by  sand.  Thus  prepared, 
it  may  in  the  first  place  be  con. 
venienlly  held  over  tbe  fire,  and 
afterwards  transferred  (o  a  tabk 
and  supported  without  remoTiDg 
it  from  the  sldllel. 


Of  Iodic  Acid. 

When  iodine  ia  subjected  to  a  current  of  chlorous  acid  gas,  previously 
dried  by  passing  over  chloride  of  calcium,  the  gas  is  absorbed,  and  a  y«l- 
low  liquid  produced.  From  this,  heat  expels  all  the  chlorine  of  the  add, 
while  ils  oxygen  uniting  wilb  ibe  iodine  forms  iodic  acid. 

Properties. — Iodic  acid  is  an  inodorous  crystalline  solid,  much  heavier 
than  water,  with  an  acid  and  astringent  taste.  It  deliquesces  in  romat  air, 
but  remains  unaltered  when  the  air  is  dry.  In  water  it  is  soluble,  bul  \a 
precipitated  from  it  by  alcohol,  in  which  it  is  insoluble.  Its  aqueous  solu- 
tion first  reddens  and  then  whitens  litmus. 

With  a  great  number  of  salifiable  bases  it  forms  salts,  which  delonnie 
if  mingled  and  ignited  with  any  dry  combustible  matter.  In  coDinwa 
with  bromic  acid,  it  is  decomposed  by  those  acids  which  have  hydn^ 
for  their  radical,  and  by  many  others  which  have  not  their  highest  pro- 
portion of  oxygen.     It  contains  one  atom  of  iodine,  and  five  of  oxygen- 

Of  Hi/periodic  and  lodous  Acid. 

An  acid,  containing  more  oxygon  than  iodic,  has  biKin  recently  dlBCO- 
vered  by  Magnus,  lo  which  the  name  of  byperiodic  has  been  giveUi    But 
lidle  has  been  ascertained  respecting  its  properties.     Scmcntini  has  ass 
that  he  has  discovered  two  additional  compounds  of  oxygen  with  iodiDCi  J 
one  of  which  he  calls  oxide  of  iodine,  the  otlicr  iodoua  acid.     Their  exit-  f 
fence,  however,  reijuircs  farther  confirmation.     Consistenlly,  tbe  n 
of  the  acid  called  byperiodic  should  be  oxyiodic  acid. 


Of  the  CMoridet  of  Iodine. 

According  to  Thcnard,  chlorine  forms  with  iodine  a  protochloride  and  a 
percJiloride.  Tlie  former  conlains  one  atom  of  each  ingredient,  the  latter 
consists  of  five  atoms  of  chlorine  and  odb  of  iodine. 

The  protochloride  is  the  chloriodic  acid  of  Davy. 

To  the  perchloride  the  name  of  perchloriodic  acid  may  be  due.  The- 
nard  awards  the  appellation  of  acid  to  neither. 

Chloriodic  acid  is  obtained  by  subjecting  iodine  in  excess  to  the  action 
of  chlorine.  A  liquid  is  produced  of  a  deep  reddish-brown  colour,  much 
heavier  than  water,  and  having  in  its  mechanical  properties  a  great  aaa- 
Iwy  to  bromine.  It  has  on  acid  taste,  and  reddens  litmus.  Water  dis- 
KHves  it  without  sustaining  or  causing  any  decomposition,  but  abandons 
It  to  sulphuric  ether.  If  ilie  abovemcntiooed  process  be  so  varied  as  to 
bave  an  excess  of  chlorine,  perchloriodic  acid  is  produced,  which  is  a 
crystalline  and  volatile  substance  of  a  yellowish- white  colour,  and  emit- 
tii^  an  effluvium  so  irritating  as  to  produce  tears  and  a  sense  of  sufTo- 
caiion. 

Of  the  Bromides  of  lodiitc. 

Bromine  combines  with  iodine  in  two  proportions.  A  protobromide  is 
obtained  when  iodine  is  subjected  in  excess  to  the  action  of  bromine.  It 
is  solid,  and  when  warmed  affords  reddish-brown  vapours,  which  condense 
into  crystals  of  the  same  tinge,  in  shape  resembling  fern  leaves.  By  the 
asme  process,  when  the  proportions  are  reversed,  a  perbromide  results, 
which  Is  liquid.  Both  of  these  bromides  are  soluble  in  water,  and  bleach 
without  reddening  litmus.  Subjected  to  the  action  of  the  Voltaic  pile,  bro- 
nune  goes  to  the  positive,  iodine  to  the  negative  pole. 


OF    FLUORINE. 
By  many  chemists,  the  existence  is  inferred  of  a  princi- 
ple called  fluorine,  which  is  conceived  to  be  very  analo- 
gous to  chlorine,  and  even  more  active  in  its  properties. 
I  have  no  doubt  of  the  existence  of  fluorine. 

Fluorine  exists  in  small  proportions  in  mica,  Iiorn- 
Uende,  paranthene,  and  in  almost  aU  the  native  phos- 
phates. Traces  of  it  are  found  in  the  teeth  and  bones  of 
animals.  It  is  capable  of  combining  with  pliosphorus  and 
sulphur.  These  combinations  are  obtained  by  diEtilHng 
fluoride  of  mercury  or  lead,  with  sulphur  or  phosphorus 
in  vessels  of  platinum.  A  sulphuret  or  phoaphuret  of 
merctiry  or  lead,  and  a  fluoride  of  sulphur  or  phosphorus, 
xe  proiluced.  These  are  fuming  liquids, 
f  Tiie  fluoride  of  phosphorus  is  capable  of  combustion  in 
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oxygen ;  in  which  case  [diosphoric  acid  and  gaseous  floo- 
rine  have  been  supposed  to  result.  Sir  Humphry  Davy 
supposed  that  fluorine  might  be  isolated  by  these  means. 
I  'shall  however  defer,  for  the  present,  ^ving  any  &> 
ther  account  of  this  principle;  as  the  intricate  comlnna- 
tions  in  which  it  exists,  will  be  more  easily  understood, 
when  the  student  has  acquired  a  knowledge  of  the  sub- 
stances with  which  it  is  united. 


SECTION  VI. 
OF   SULPHUR. 

Sulphur  is  a  mineral  production,  well  known  in  com- 
merce under  the  name  of  brimstone.  It  is  sold  both  in 
rolls  and  in  flowers.  It  is  found  pure  in  the  vicinity  of 
volcanoes,  of  which  it  is  a  product.  In  combination  with 
metals  it  is  widely  disseminated.  From  some  of  its  me- 
tallic compounds,  which  are  known  under  the  name  of 
sulphurets,  or  pyrites,  it  is  sublimed  by  heat,  and,  in  con- 
densing, assumes  the  pulverulent  form,  to  which  the  name 
of  flowers  has  been  given. 

Properties. — Sulphur  is  yellow,  inodorous,  and  insipid, 
becomes  electric  by  friction,  and,  when  warmed  within 
the  hand,  is  fractured  with  a  slight  noise.  It  evaporates 
and  burns  with  a  feeble  flame  at  180%  and  melts  at  225^ 
and  by  pouring  out  the  liquid  portion,  after  the  mass  is 
partially  congealed,  it  may  be  obtained  in  crystals.  In 
close  vessels  at  the  temperature  of  600°  it  vaporizes,  and 
condenses  in  the  well  known  form  of  flowers.  The  flow- 
ers are  by  the  microscope  ascertained  to  be  crystalline, 
and  are  generally  contaminated  by  a  minute  portion  of 
sulphurous  acid,  which  may  be  removed  by  repeated 
washing. 

All  the  metals,  when  presented,  in  thin  leaves  or  pow- 
der, to  the  vapour  of  sulphur  without  access  of  air,  enter 
into  combustion  with  it,  forming  compounds  which  have 
been  designated  as  sulphurets;  but  which,  as  I  have 
stated,  ought  to  be  called  sulphides.  Ck)mbustion  also 
ensues  when  the  metals  in  a  divided  state  are  heated  with 
ur.    The  sulphides,  formed  with  the  metals  d  the 


Bartfas  and  alkalies,  are  soluble  in  water.  From  the  re- 
gnilting  solution  the  sulphur  is  thrown  down  by  acids. 
Ijkc  phosphorus,  sulphur  is  susceptible  of  a  slow  as  well 
as  quick  combustion.  In  consequence  of  the  low  tempe- 
rature at  which  it  is  capable  of  becoming  converted  by 
combustion  into  sulphurous  acid,  sulphur  may  be  burned 
out  of  gunpowder  without  causing  it  to  flash.  If  raised 
to  the  temperature  of  369%  it  enters  into  a  more  active 
reaction.  The  products  of  the  combustion  of  sulphur  are 
sulphurous  acid,  mingled  with  a  small  portion  of  anhy' 
drous  sulphuric  acid.  BerzeUus  alleges  that  when  sul- 
phur is  rubbed  on  any  body,  a  brick  for  instance,  which 
has  been  previously  warmed,  though  not  sufficiently  to 
inflame  the  sulphur,  an  extremely  feeble  blue  flame  is  pro- 
duced with  a  peculiar  odour.  This  flame  he  conceives  to 
be  the  effect  of  the  evaporation,  unaccompanied  by  any 
combustion;  "since  a  cold  body  held  above  it  is  covered 
with  the  flowers  of  sulphur  unchanged."  This  reason, 
however,  appears  insufficient;  since  the  sublimation  of 
one  portion  of  the  sulphur  does  not  demonstrate  that 
another  is  not  oxidized,  any  more  than  the  deposition  of 
carbon  upon  a  cold  body  exposed  to  a  smoky  flame, 
proves  that  another  portion  of  carbon,  arising  from  the 
same  source,  cannot  at  the  same  time  be  converted  into 
carbonic  acid,  as  is  known  to  be  the  fact. 

Some  very  curious  anomalies  have  been  observed  re- 
specting the  phenomena  of  sulphur  when  kept  over  the 
ue  after  fusion,  which  tlie  limits  prescribed  to  tliis  work 
will  Dot  allow  me  to  introduce.* 

169.  ExperiTnental  Illustrations. 
Sulphur  exhibited  in  flowers  and  in  rolls;  also  crystal- 
.  Jized  as  above  mentioned. 

■  Combustion  of  Butch  gold  leaf  and  of  an  iron  bar  by 
^Wphur.    Iron  wire  converted  into  a  sulphide  by  the  va- 
pour of  sulphur  emitted  in  a  jet  from  the  touch-hole  of  a 
gtin  barrel,  made  red-hot  in  ttie  vicinity  of  the  aperture. 


k 


*  Beruliui,  Vol.  I.  i 
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170.  The  Ccmbusdon  cf  hrcn  hjf^aJetcf  Vaporixed  SMpkwr. 


If  a  gun-barrel  be  heated  red-hot  at  the  but-end,  and  a  piece  of  sulphur 
be  thrown  into  it,  on  closing  the  muzzle  with  a  cork,  or  blowing  into  it,  an 
ignited  jet  of  vaporized  sulphur  will  proceed  from  the  touch-hole.  Ex- 
posed to  this,  a  bunch  of  iron  wire  will  bum  as  if  ignited  in  oxygen  gas, 
and  will  fall  down  in  the  form  of  fused  globules,  in  the  state  of  protosul- 
phide.  Hydrate  of  potash,  exposed  to  the  jet,  fbses  into  a  sulphide  of  a 
fine  red  colour. 


COMPOUNDS  OF  SULPHUR  WITH  OXYGEN.  . 

"  With  two  atoms  of  oxygen,  forms  sulphurous  acid,  equi- 

One  atom  of         valent  82 

sulphur,  16,  *   With  three  atoms  of  oxygen,  forms  sulphuric  acid,  equi- 

L     valent  40 

{With  two  atoms  of  oxygen,  form  hyposulphurous  add, 
equivalent 48 
With  five  atoms  of  oxygen,  form  hyposnlphuric  acid, 
equivalent 72 


Of  Hyposulphurous  Acid* 

This  acid  exists  only  in  combination  with  salifiable  .bases,  and  of  the 
salts  formed  I  believe  no  useful  application  has  been  made.  Any  attempt 
to  explain  the  method  in  which  hyposulphites  are  produced,  will  be  defer- 
red until  I  reach  the  subject  of  the  compounds  formed  by  acids  with  me- 
tallic oxides. 

Of  Sulphurous  Acid, 

Preparation. — It  is  formed  by  the  ordinary  combustion  of  sulphur,  or 
by  boiling  sulphuric  acid  on  sulphur,  on  mercury,  or  on  any  other  substance 
by  which  it  may  be  partially  deoxidized. 

Properfte5.---Sulphurous  acid  is  a  colourless  gas,  possessing  the  well 
known  odour  of  burning  sulphur.  It  is  incapable  of  supporting  eoprixia- 
tion,  and  is  deleterious  to  life,  a  spasmodic  closure  of  the  glottis  fbHoviog 
any  attempt  to  respire  it. 
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^  reddens  and  then  bleaches  litmus,  and  destroys  vegetable  co- 
RDerally.  It  is  used  on  this  account  to  bleach  silk  and  wool.  Sul- 
■  scid  is  soluble  in  water,  which  absorbs  43  limes  its  bulk.  When 
Ion  of  this  gas  is  exposed  to  the  air,  il  absorb?  oxygen,  and  is  con- 

rto  sulphuric  acid.  This  acid,  with  four  limes  its  bulk  of  water, 
cryslalline  hydrate,  which  melts  under  40°,  disengagit^  the 
kj»rt  of  the  acid.  After  being  rendered  anhydrous  by  passing  over 
k  of  calcium,  sulphurous  add  gas,  by  exposure  to  a  tempemlure  of 
Peondeoses  into  a  colourless,  transparent  liquid,  having  the  specific 
BoT  1.45.  When  dropped  in  vacuo  on  the  bulb  of  a  spirit  thcr- 
■r,  previously  at  50°  and  surrounded  with  cotton,  the  intense  cold 
jM'  will  be  indicated.  It  is  even  said  that  alcohol  has  been  frozen 
[  tnonner.  Sulphurous  acid  gas  is  decomposed  al  a  red  heat,  cither 
In^en  or  carbon.  It  is  displaced  from  its  combinations  by  all  the 
iKoepI  cyanhydric  (prussic)  and  carbonic  acid. 

tKpregnotion  of  Water  leith  Sulphvrous  Acid,  by  meant  of  an 
I  appropriate  Apparatus- 

Into  the  open  neck  of  a 

i/y  "^^  tall  receiver,  a  recurved  pipe 

JM  AV  is  fiislened,  so  as  to  desc 

I  c*fc  JJ  a  few  inches  below  the  neck. 

The  other  end  of  the  pipe  I 
terminates  in  a  brass  sodcst,  1 
into  which  is  inserted  the  J 
stem  of  an  inverted  glas 
funnel.  The  receiver  i 
r  the  shcif  of  the 
pneumatic  cistern,  covered 
about  an  inch  deep  with 
water,  and  includes  a  stand 
supporting  a  lujnbler  of  the 
liquid.  A  pipe,  ex- 
tending from  a  suction  pump, 
' '  in  the  receiver, 
nearly  as  high  as  the  stand. 
If,  under  these  circumstances, 
the  pump  be  put  into  action, 
|iient  exhaustion  of  the  air  from  the  receiver  cause*  a  rise  into 
from  the  cistern,  until  the  resistance  which  this  water  op- 
further  elevation  is  greater  than  that  opposed  by  the  water  in 
r,  to  the  entrance  of  air  from  the  rccurv«l  pipe  communicating 
funnel.  The  air  of  the  funnel  will  then  ho  drawn  into  the  re- 
ihe  liquid  in  the  tumbler;  and  if  sulphur,  carbon,  phos- 
caxidle,  lamp,  or  any  inflammable  gas  be  placed,  while  burning, 
funnel,  the  fumes  may  be  mode  to  pass  through  the  water,  which 
eoloiired  by  litmus, or  may  contain  lime,  ammonia,  baryta,  or  any 
M^^ble  agent,  which  it  may  bo  capable  of  dissolving  or  suspend- 


_  Of  nffpomlphuric  Acid. 

ikcid  is  obtained  by  passing  sulphurous  acid  gas  through  peroxide 
-neoB  suspended  in  water  in  a  finely  divided  state.     Ifiho  mass  be 
the  peroxide  is  reduced  to  the  state  of  protoxide,  while  the  oxy- 
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gen  forms  vrith  ihe  sulphurous  acid,  hyposulphuric  acid.  This,  with  I 
protoxide,  produces  a  salt,  which,  remaining  dissolved,  may  be  piuified' 
cryslallizalion.  By  the  addilion  of  sulphide  of  barium  to  a  solution  ofl 
resulting  crystals,  the  manganese  b  precipitated  in  the  state  of  a  sulpM 
and  typosulphale  of  baryta  is  obtained.  From  this  salt  the  hyJioM 
phui^acid  may  be  separated  by  sulphuric  acid,  and  concentrated  by 
poration  in  vacuo,  till  it  acquires  the  specific  gravity  of  1.347.  By 
or  farther  concentration,  it  is  decomposed  into  sulphurous  and  sulphio 

Hyposulptiuric  acid  is  a  colourless,  inodorous  liquid,  which  reddens 
mus,  has  an  acid  taste,  and  dissolves  zinc  with  disengagement  of  hydroglM 

Of  Sulphuric  Acid. 

Sulphuric  acid  has  been  known  since  the  close  of  tbe 
fifteenth  centtiry,  when  it  was  obtained  by  Basil  Valeo* 
tine  by  the  distillation  of  green  vitriol,  or  sulphate  of 
iron. 

Preparation. — This  acid  may  be  obtained  by  burning 
sulphur  and  nitre  in  chambers  lined  with  lead,  or  by  thft 
process  above  mentioned,  by  which  it  was  originally  ob- 
tained ;  whence  the  almost  obsolete  name,  oii  of  vitrioL 
It  is  best  purified  by  distillation. 

I  shall  defer  for  the  present  the  illustration  of  the  prfr 
cess  for  procuring  sulphuric  acid  by  sulphur  and  nitrei 
also  any  e.\emplification  of  its  habitudes  with  other  bo- 
dies. 

Properties, — It  is  a  liquid,  oleaginous  in  its  consistency, 
caustic  when  concentrated,  intensely  acid  when  dilute. 
When  three  parts  are  added  to  one  of  water,  a  boihng 
heat  is  produced.  (See  114.)  Hot  water  explodes  wito 
it  as  with  a  melted  metal-  It  is  diluted  by  the  absorptioa 
of  moisture  when  exposed  to  tlie  air.  No  acid  equals  it 
in  the  power  of  reddening  litmus.  When  pure  it  is  CO* 
lourlcss  and  has  but  little  smell. 


The  sulphuric  acid  of  Nordhaiisen  differs  from  that  in  use  in  (his  coun 
try,  in  containing  a  portion  of  acid  free  from  water,  and,  ihwefore,  callei 
anhydrous.  This  anhydrous  portion  being  v61atile,  assumes  the  form  q 
vapour,  and,  meeting  with  the  moisture  of  the  air,  condeiwes  into  vt' " 

The  fuming  acid  of  Nordhausen  is  obtained  by  calcination  and  disl 
lion  from  sulphate  of  iron,  (known  also  by  the  name  of  green  vitriol)  o 
laincd  in  retorts  of  stone-ware.     It  may  be  obtained  also  from  wlule^ 
triol  or  sulphate  of  zinc  by  ^mUar  treatment.     The  anhydrous  acid  ■ 
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be  separated  from  the  other  portion  by  gentle  distillation,  with  the  aid  of  a 
lefrigerated  receiver,  previously  well  desiccated.  It  is  a  crystalline  body 
lesembling  asbestos,  and  may  be  rubbed  between  the  fingers  like  wax, 
without  their  being  attacked.  In  the  air  it  emits  thick  fumes  having  an 
wad  smell.  At  a  temperature  above  64^  it  is  liquid.  Once  congealed  it 
dODOt  be  fused  without  great  care ;  as  the  temperature  at  which  it  is  va- 
porized, is  but  little  above  that  at  which  it  liquefies.  Hence  it  is  apt  to 
undergo  a  sudden  enlargement  of  bulk  which  causes  it  to  be  thrown  out 
of  the  containing  vessel.  •  When  vaporized  it  forms  a  colourless  gas. 
Neither  in  this  state  nor  in  its  crystalline  form  has  it  any  effect  on  litmus 
paper  rendered  perfectly  dry.  When  passed  through  a  red-hot  tube  of 
porcelain,  it  is  resolved  into  oxygen  and  sulphurous  acid. 

Either  caustic  lime,  or  baryta  enters  into  a  species  of  combustion  with 
tlris  gas,  forming  with  it  a  sulphate. 

The  solid  anhydrous  acid,  thrown  into  water,  produces  a  commotion 
resembling  the  effect  of  a  hot  iron,  and,  when  mingled  with  an  equivalent 
proportion  of  water,  explodes  with  a  force  sufficient  to  fracture  a  glass 
Tessel. 

The  fuming  acid  of  Nordhausen  is  of  use  for  the  solution  of  indigo  em- 
ployed in  dyeing;  as  the  anhydrous  acid  answers  better  for  this  purpose 
tinii  the  aqueous. 

It  combines  chemically  in  four  proportions  with  water.  The  compound 
containing  water  in  the  least  proportion  is  formed  in  some  of  the  processes 
lor  producing  the  acid  of  Nordhausen.  It  is  a  crystalline  body,  which 
probably  consists  of  2  atoms  of  anhydrous  acid  and  1  of  water.  Four 
parts  of  the  anhydrous  acid  and  about  1  of  water  form  the  concentrated 
add  of  the  shops,  of  the  specific  gravity  of  1.85,  which  is  considered 
to  contain  1  atom  of  water  to  1  of  acid.  When  the  acid  is  to  the  water 
as  4  to  2,  a  compound  results,  of  which  the  density  is  gR'ater  than  tho 
mean  density  of  the  constituents,  and  which  probably  consists  of  2  atoms 
of  water  to  1  of  acid.     A  similar  alteration  of  the  density  follows  the  ud- 
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dition  of  water  until  the  specific  gravity  is  reduced  to  1.G32. 

Of  the  Chlorides  of  Sulphur. 

According  to  Thenard  there  arc  two  chlorides  which  arc  both  liquids. 
One  contains  2  atoms  of  sulphur  to  1  of  chlorine;  the  other  an  atom  of 
each  ingredient.  The;  protochloride  is  a  yc^llow  viscid  oleaginous  liquid, 
heavier  than  water,  and  which  lK)ils  at  280°.  The  other  is  reddish-brown, 
volatile,  fuming  and  acrid,  and  boils  at  147°.  Both  are  decomi>osed  by 
water  and  alcohol. 

Of  the  Bromide  and  Iodide  of  Sulphur, 

The  flowers  of  sulphur  dissolve  in  bromine,  producinj:;  a  reddish,  oleagi- 
nous fuming  liquid.  When  iodine  is  healed  gently  with  sulphur,  it  forms 
a  brilliant  crystalline  iodide,  of  a  steel-gray  colour. 
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SECTION  VII. 
OF  SELENIUM. 

In  1817,  Berzelius,  examining,  in  concert  with  Gahn,  the  old  method  d 
preparing  sulpliuric  add,  as  praclist^d  at  Gripsholm,  in  Sweden,  discovcnj 
a  Bedimenl  in  Ihe  acid,  jjartly  red,  partly  brown,  which.  Created  by  tht 
blowpipe,  produced  the  odour  of  a  rotten  radish,  and  left  a  minute  porlka, 
of  lead.  The  odour  thus  evolved  had  been  cMnsidered  by  Klaproth  ai  Hi 
indication  of  Iclturiuni.  In  consequence,  Berzelius  took  care  to  colleell^ 
the  deposition,  produced  in  the  manufacture  of  sulphuric  acid  during  sow 
months ;  no  other  sulphur  (ban  that  of  Fahlun  being  employed,  lue  dih 
covery  of  a  new  substance  resulted,  to  which  he  gave  the  name  of  aelB- 
nium,  from  the  Greek  word  nAarq,  the  moon,  suggested  by  its  analogy 
with  tellurium,  named  from  tellus,  the  earth. 

Selenium  seems  much  disCribuled  throughout  nature.  la  Sweden  it  htt 
been  found  combined  sometimes  with  copper  and  silver,  sometimes  widi 
copper  only.  A  small  quantity  has  been  detected  in  cubic  galena.  Ik, 
Norway  it  has  been  discovered  united  with  tellurium  and  bismuth;  in  djt 
Hartz,  combined  with  lead,  copper,  and  mercury.  Stromeyer  haa  (ban 
it  in  a  mineral  from  the  Lipari  islands,  combined  with  sulphur.  v 

Preparalion. — From  the  deposition  in  which  it  exists,  as  above  statc^ 
selenium  is  extricated  by  solution  iu  aqua  regia,  predpilation  by  sulpln* 
retted  hydrogen,  solution  iu  the  same  solvent,  precipitation  by  potash)  & 
tration  and  evaporation  of  the  residual  liquid,  desiccation  of  the  resultiiv 
mass,  and  sublimation  with  the  addition  of  sal  ammoniac     Selonic  ad4 


produced  by  tlie  reaction  of  the  selenium  with  the  oxygen  in  the  aqua  regit, 
is  saturated  by  the  potash,  and  al\erwards  deoxidized  by  the  hydrogen  of 
the  ammonia  iu  the  sal  ammoniac  employed,  the  selenium  being  sublimed 
by  the  heat. 

Properties. — Selenium,  on  cooling  afler  distillation,  assumes  a  shining 
surface  of  a  deep  rcddish-brown  colour,  with  a  metallic  brilliancy  resent 
bling  that  of  the  blood-stone  (hjematite).  Its  fracture  is  conchoida!,  vi- 
treous, of  a  lead-gray,  with  metallic  lustre.  Very  slowly  refrigeraled  after 
fusion,  its  surface  !>ccomes  granulated  and  uneven,  of  a  reddish -gray,  an^ 
devoid  of  lustre.  By  quick  refrigeration  the  characters  above  indicated  iW 
suit.  Selenium  has  little  tendency  to  crystallize,  yet  it  is  capable  of  acpafl 
rating  in  a  crystalline  pellicle,  or  of  forming  a  crystalline  vegetation  upotr 
the  Bides  of  the  vessel,  from  its  solution  in  the  state  of  a  selenhydratt^' 
When  precipitated  cold  from  a  diluted  solution,  whether  by  zinc  or  sulphth 
retted  hydrogen,  it  is  red  like  cinnabar.  Gut  if  this  precipitate  be  boUe^r. 
it  turns  black  and  consolidates,  becoming  heavier.  When  pulverized,  s» 
lenium  becomes  of  a  deep  red,  and  likewise  when  in  very  thin  layen 
With  heat  it  softens,  and  at  the  boiling  point  of  water,  acquires  a  semifluid- 
iiy,  becoming  completely  fluid  at  a  temperature  somewhat  higher.  b| 
cooling  it  remains  soft  for  a  long  time,  and  may,1ike  heated  aealing.wai,. 
bo  drawn  out  into  filaments.  These,  by  reBecled  light,  are  gray  with  some 
metallic  brilliancy,  but,  by  transmitted  light,  are  transpareot,  and  of  a 
ruby- red  colour. 

When  selenium  is  heated  nearly  to  redness  in  a  distillatory  apparatui^, 
it  assumes,  with  ebullition,  the  form  of  a  vapour  of  a  yellow  colour,  deeper| 
than  the  hue  of  chlorine,  yet  lighter  than  that  of  sulphur.     This  vapour 
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ooiideDses  in  the  neck  of  a  retort  in  black  drops,  which  coalesce  like  those 
which  are  formed  by  the  condensation  of  mercury.  When  condensed  with 
access  of  air,  selenium  appears  like  a  red  fume,  and  is  deposited  in  a  state 
analogous  to  the  flowers  of  sulphur,  but  of  a  cinnabar-red  colour.  The 
smell  of  a  radish  is  only  pe^ived  when  the  heat  is  sufficient  to  be  pro- 
ductive of  oxidation. 
Theapedfic  gravity  of  selenium  is  from  4.3,  to  4.82. 

CompoundB  of  Selenium  tnth  Oxygen. 

Selenium  has  but  a  feeble  affinity  for  oxygen,  yet  forms  a  volatile  oxide, 
wUch  has  the  smell  either  of  radish  or  decayed  radish.  It  forms  also  two 
adds,  the  selenious  and  selenic  The  latter  of  these  is  isomorphous  with 
sulphuric  add*    See  page  130. 

Selenious  acid  is  procured  by  the  combustion  of  selenium  in  oxygen 
gas,  or  by  the  action  of  nitric  or  nitromuriatic  acid. 

Selenic  acid  is  obtained  by  the  deflagration  of  nitre  with  selenium  in  a 
hot  crucible;  a  seleniate  of  potash  results,  which  is  decomposed  by  nitrate 
of  lead,  and  the  resulting  seleniate  of  lead  is  decomposed  by  sulphuretted 
hydrogen.  The  sulphuret  of  lead  precipitates,  while  selenic  acid  is  dis- 
solved in  the  water  employed.  When  heated  to  280  degrees,  it  attains  its 
Ingfaest  concentration,  and  at  200  degrees  is  decomposed  into  oxygen  and 
smnious  add. 

The  highest  specific  gravity  of  selenic  acid  is  2.6.  It  resembles  sul- 
phuric acid  in  its  consistency,  in  its  evolving  heat  by  dilution  with  water, 
and  in  the  power  of  dissolving  iron  and  zinc,  with  the  evolution  of  hydro- 
gen* It  cannot  be  rendered  anhydrous*  When  its  density  is  at  the  maxi- 
mum, it  contains  16  per  cent,  of  water.  With  the  aid  of  heat,  it  oxidizes 
and  dissolves  copper  and  even  gold,  but  not  platinum.  With  chlorohydric 
add,  it  constitutes  a  sort  of  aqua  regia,  which  dissolves  both  gold  and  pla- 
tinum. Its  salts  cannot  be  distinguished  from  the  sulphates,  unless  by  the 
property  of  detonating  with  carbon  at  a  red  heat,  and  that  of  causing  an 
evolution  of  chlorine,  when  boiled  with  muriatic  acid.  Selenic  acid  may 
be  separated  from  sulphuric  acid  by  saturation  with  potash,  and  ignition 
with  sal  ammoniac  The  selenic  acid  is  decomposed  into  selenium  by  the 
hydrogen  of  the  ammonia. 

Sd^um  combines  with  chlorine  and  bromine,  and  with  sulphur  m 
every  proportion. 

As  there  is  not  one  of  the  metals  which  have  dedded  pretensions  to  the 
metallic  character,  which  is  not  an  excellent  conductor  of  both  heat  and 
electridty,  and  as  metallic  brilliancy  is  another  striking  attribute  of  the 
metallic  genus,  I  cannot  understand  wherefore  selenium,  which  is  admit- 
ted to  be  destitute  of  the  two  first  mentioned  characteristics,  and  to  possess 
the  last  imperfectly,  should  be  received  into  the  clnss  of  metals;  while  car- 
bon, which  in  the  form  of  plumbago  is  endowed  with  them  all,  is  excluded. 
I  cannot  consider  selenium  as  a  metal.  It  is  stated  to  have  the  brilliancy 
of  hsmatite,  which  is,  I  conceive,  inferior  in  that  respect  to  plumbago, 
which  Berzelius  considen  as  pure  carbon. 
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SECTION  VIII. 
OF  TELLURIUM. 

•F 

A  metal  has  been  found  in  the  veins  of  auriferous  silver  in  the  gunes  of 
Transylvania,  which  has  been  called  tellurium.  It  is  found  also  in  small 
quantities  iti  Norway,  united  to  selenium.  Tellurium  has  likewise  been 
discovered  in  Connecticut. 

Tellurium  displays  a  metallic  brilliancy,  and  is  of  a  colour  between  that 
of  tin  and  antimony,  and  of  a  lamellated  structure.  It  is  found  chiefly  in 
the  state  of  an  alloy  with  gold  and  silver.  It  fuses  below  a  red  heat,  and 
above  that  temperature  is  volatilized.  When  heated  before  the  blowpqie, 
it  takes  fire,  and  burns  with  a  blue  flame  bordering  on  green,  and  is  &n. 
patcd  in  gray  pungent  fumes,  which  have  sometimes  the  smell  of  horse 
radish.     This  smell  is  ascribed  by  Berzclius  to  the  presence  of  selenium. 

Tellurium  may  be  oxidized  either  by  combustion  or  by  nitric  acid.  The 
oxide,  exposed  before  the  blowpipe  upon  charcoal,  is  decomposed  with  ex* 
plosive  violence. 

Berzelius  alleges  that  tellurium  will  dissolve  in  concentrated  sulphuric 
acid  without  being  oxidized,  in  which  it  differs  from  other  metals.  The 
colour  of  its  solution  in  the  acid  is  purplish-red.  It  is  more  specially  en- 
titled to  our  notice  on  account  of  its  great  analogy  to  sulphur  and  sele- 
nium, and  by  reason  of  its  forming  b^h  acids  and  bases,  which  uniting 
form  telluri-salts.  This  is  the  ground  upon  which  it  has  been  included  in 
his  amphigen  class  by  Berzelius,  and  upon  which  I  have  included  it  among 
the  hasadgen  bodies. 


OF    RADICALS. 

Radicals  are  bodies  capable  of  forming  with  a  basaci- 
gen  body  either  an  acid  or  a  base,  or  both,  and  which  da 
not  form  acids  or  bases  with  each  other. 

Radicals  are  divided  into  those  which  are  metallic^  and 
those  which  are  non-metallic. 

OF  NONMETALLIC  RADICALS. 

The  bodies  which  I  place  under  thi^head  are: — 

Hydrogen,  Boron, 

Nitrogen,  Silicon, 

Phosphorus^  Zirconion. 
Carbon, 
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OF  HYDROGEN. 
is  gaseous  Btate,»jt  is  the  principal  constituent  of  all 
try  flame.  Combined  with  oxygen  or  carbon,  or 
it  is  found  in  water,  and  all  vegetable  and  animal 
^ccs.  It  derives  its  name  from  vi,f,  water,  and 
t  to  produce. 

i>aralion< — Per  se,  hydrogen  exists  only  in  the  gas- 
utC'  In  this  form  it  may  be  obtained  by  the  reac- 
■  diluted  sulphuric  or  muriatic  acid  with  zinc  or 
fr  of  steam  with  iron  turnings,  made  red-hot  in  a 
krrel.  It  may  be  evolved  in  a  stale  of  purity,  and 
jniently  destitute  of  odour,  from  pure  water  by  Vol- 
Kency,  or  by  reaction  with  an  amalgam  of  potas- 
pjut  if  an  acid  or  a  salt  be  added,  the  gas  acquires 
jbal  odour. 

^  Self-regfilaling  Reservoir fnr  Hydrogen  and  other  Gagc». 

fcllowing  figure  rcpreseuls  a  sell-regulaling  rescn'oir  for  hydrogen 
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:ry  perspicuous  engraving  can  retjuire  hut  titlle  explBnation. 
Ike  glass  jar  without  to  contain  diluted  sulphuric  ncid;  the  in- 
ill,  within  the  jar,  lo  contain  some  zinc,  supported  ou  a  Iroy  of 
uspeDded  by  wires  of  the  same  metal  from  itic  neck  of  the  bell. 
I  being  open  when  the  boll  is  lowered  into  the  position  in  which 
senled,  the  atmospheric  air  will  escape,  and  llie  '  '••iaz 
of  the  bell,  will,  by  its  reaction  with  the  zinc,  i 
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gas  [o  be  copiously  evolved.  As  soon  as  ihe  cock  is  closed,  the  hydro- 
gen expels  [he  acid  from  the  cavity  of  the  bell;  and,  consequently,  its  re- 
action with  the  zinc  is  prevented,  until  another  portion  of  the  gss  be  with- 
drawn. As  soon  as  this  is  done,  the  acid  re-cnlers  the  cavity  of  the  bell, 
and  the  evolution  of  hydrogen  is  renewed  and  continued,  until  again  ar- 
rested, aa  in  Ihe  firat  instance,  by  preventing  the  escape  of  the  gas,  and 
oonsoqueaily  causing  it  to  displace  the  acid  from  the  interior  of  the  bell, 
withia  which  the  zinc  is  suspended. 

The  principle  of  this  apparatus  is  analogous  lo  that  which  was  contrived 
by  Gay-Luasac.  I  had  employed  the  same  principle,  however,  when  al 
Willinrasburg,  to  moderate  the  evolution  of  carbonic  add,  before  I  hd 
read  of  Gay-Lussac's  apparatus. 

I  prefer  the  modification  above  described.  In  the  first  place,  it  ia  inter 
nally  more  easy  of  access  for  the  purpose  of  cleansing;  secondly,  it  « 
much  better  qualified  for  containing  sulphuret  of  iron,  or  marble,  for  ge- 
nerating sulphuretted  hydrogen,  or  carbonic  acid  gas;  and  thirdly,  by 
raising  the  bell  gloss,  the  pressure  may  be  removed. 

In  the  other  form,  the  pressure  on  the  gas  is  so  great  that,  unless  the 
tube,  Ihe  cock,  and  their  junctures  be  perfectly  tight,  there  must  be  n  con- 
siderable loss  of  materials;  since  the  escape  of  gas  inevitably  causes  ibeir 
consumption,  by  permitting  the  acid  to  reach  the  zinc,  or  other  material 
employed. 

173.  Large  Self-regulating  Reservoir  for  Hydrogen. 

V  This  figure  represents  a  self-re- 

gulating reservoir  for  hydrogen, 
constructed  like  that  described  in 
the  preceding  article;  excepting 
that  It  is  about  fifty  times  laivcr, 
and  is  made  of  lead.  Instead  of 
glass. 

This  reservoir  is  attached  lo  the 
compound  blowpipe,  in  order  la 
furnish  hydrogen,  and  may,  of 
course,  be  used  In  all  experiments 
requiring  n  copious  supply  of  that 
goH.  When  this  is  to  be  appUed' 
to  Ihe  hydro-o.xygen,  or  compound 
blowpipe,  the  linob  at  the  end  of 
the  pipe,  which  has  an  orifice  oa 
one  side,  is  placed  under  the  gal- 
lows, G,  ("seen  in  the  fig-  of  tha 
compound  olowpipe,  page  116)  md 
fastened  air-tight  to  the  pipeoflhltf 
instrument,  by  the  pressure  of  tba 
screw  of  the  gallows- 

The  gas  is  retained,  or  Bllovpd 
to  flow  through  the  pii>e,  by  mean* 
of  the  valve  cock,  V,  which  is 
much  less  liable  lo  leak  than  ano 
of  the  common  Ibrm.  See  Appen- 
dix for  an  accouni  of  the  valvp 
cock. 
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Properties  of  Hydrogen* — ^It  is  the  lightest  of  all  pon- 
derable substances.  One  hundred  cubic  inches  weigh 
only  2.13  grains.  Its  weight  to  that  of  oxygen  is  as  1  to 
16.  Its  specific  gravity,  the  gravity  of  air  being  assumed 
as  1,  is  0.0689.  It  is  about  200,000  times  h^hter  than 
mercury,  and  300,000  times  lighter  than  platinum.  In 
its  ordinary  state  it  smells  unpleasantly.  When  pure  it 
is  without  odour. 

The  respiration  of  hydrogen,  mixed  with  the  same  pro- 
portion of  orjrgen  as  exists  in  atmospheric  air,  is  not  at- 
tended by  any  oppressive  sensations ;  yet  a  profound  sleep 
is  said  to  have  been  induced  in  animals  surrounded  by 
such  a  mixture.  When  breathed  either  in  this  way  or 
unmixed,  it  will  be  found  to  produce  a  ludicrous  alteration 
in  a  man^s  voice,  making  it  shrill  and  puerile,  and  so  out 
of  character  as  not  to  be  recognised.  Sound  is  said  to 
move  in  this  gas  with  a  velocity  three  times  as  great  as 
in  the  atmosphere. 

According  to  the  experiments  of  Leslie,  the  sound  of  a 
clock  bell  was  as  feeble  in  hydrogen  as  in  air  rarefied  one 
hundred  times.  By  no  degree  of  pressure  which  has  been 
tried,  can  hydrogen  be  condensed  into  a  Uquid.  In  con- 
sequence of  its  levity,  it  escapes  rapidly  from  an  open 
vessel,  unless  inverted.  It  is  pre-eminently  inflammable, 
yet  a  taper  when  immersed  in  it  i^  extinguished.  A  jet 
of  it,  ignited,  appears  like  a  feebly  luminous  candle  flame, 
and,  ii  surrounded  by  a  glass  tube,  produces  a  remarkable 
sound. 

The  specific  heat  of  hydrogen  is  greater  than  that  of 
any  other  gas,  being  to  that  of  an  equal  weight  of  air  as 
13.08  is  to  1,  and  to  that  of  an  equal  weight  of  water  as 
3.88  to  1.  Its  refracting  power  is  ten  and  a  half  times 
greater  than  that  of  the  atmosphere. 

When  mixed  with  oxygen  or  atmospheric  air,  and  sub- 
jected to  flame,  an  electric  spark,  or  a  wire  ignited  by 
galvanism,  it  explodes.  With  chlorine  it  explodes  under 
like  circumstances,  and  likewise  in  the  solar  rays.  In 
burning  it  disengages  sufllicient  heat  to  melt  315  times 
its  weight  of  ice.  Dobereiner  discovered  that  platinum 
sponge,  a  cold  metallic  congeries,  becomes  ignited  on  en- 
tering a  mixture  of  hydrogen  with  oxygen  gas,  and  causes 
it  to  inflame  by  an  agency  which  has  not  been  satisfacto- 
rily elucidated.    It  has  since  been  discovered  that  palla- 
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diuiD,  rhodium,  and  iridium  possess  this  property  in  neariy 
the  same  degree.  I  have  ascertained  that  if  asbestos, 
charcoal,  or  clay  be  soaked  in  chloride  of  platinum,  and 
afterwards  desiccated  and  heated  red-hot,  the  property  of 
inflaming  a  mixture  of  hydrogen  and  o^gen  is  acquired. 

174.  Experimental  Illustrations  of  the  Properties  of 
Hydrogen. 

Levity  of  the  gas  demonstrated  by  the  ascension  of  a 
balloon,  or  by  the  effect  of  filling,  with  hydrogen,  a  glass 
globe  balanced  upon  a  scale  beam.  See  article  63.  Ef- 
fect upon  the  voice  shown.  Inflammation  of  a  gaseous 
mixture  of  hydrogen  with  atmospheric  air  by  platinated 
asbestos,  or  platinum  sponge.  Apparatus  for  lighting  a 
candle  by  a  jet  of  hydrogen  from  a  self-regulating  reser- 
voir, either  by  the  electric  spark  or  platinum.  Cannon, 
charged  with  a  mixture  of  hydrogen  and  oxygen,  fired  by 
a  galvano-ignitioD  apparatus,  article  111. 


175.  Candle  extinffitiiAed  and  re-lighied  bg 
Hydrogen. 
If  a  lighted  candle  be  introduced  into  a  wide 
mouthed  inverted  phial,  filled  with  hydrogen  gas,tiK 
flame  of  the  candle  will  be  extinguished  from  the 
want  of  oxygen.  Meanwhile,  at  the  mouth  of  the 
bottle,  where  there  is  a  sufileicnt  access  of  air,  the 
gas  will  have  taken  fire,  nnd  will  bum  with  a  lam- 
bent  flame  scarcely  visible  in  daylight.  Hence  if 
the  candle  be  slowly  withdrawn,  it  will  be  ic-ligbted 
as  it  passes  through  the  flame. 


176.  PkUowjAieal  Candle. 


Granulated  zinc,  or  turnings  of  iron, 
being  introduced  into  a  glass  flask,  ao  as 
to  occupy  about  one-iburth  of  its  capacity, 
provide  a  suitable  cork,  so  perforeted  as  to 
receive  s  glass  tube  terminating  id  an  ori- 
fice just  large  enough  to  admit  a  common 
brass  pin.  Pour  upon  tbe  zinc  five  parts 
of  water,  and  addiog  om  of  sulphuric 
add;  fasten  the  cork,  with  its  tube  in- 
serted, into  tbe  mouth  of  tbe  flask.  AfW 
all  tbe  atmospberic  air  has  escaped  from 
tbe  vessel,  on  applying  the  flame  of  a  can- 
dle to  tbe  orifice  of  tbe  lube,  it  will  be  sur- 
mounted by  an  Inflamed  jet  of  hydrogen, 
which  has  been  called  tbe  pbiloeophical 
candle. 

The  light  given  out  by  tbe  flame  of  pure 
hydrogen,  is,  nevertheless,  wholly  incom- 
petent to  answer  the  purpose  of  csndle 
light;  but  I  have  ascertained,  that  tbe  ad- 
dition of  a  small  quantity  of  spirit  of  tur- 
p^itioe  to  the  materials  obviates  this  defbct. 


f^ication  of  Hydrogen  and  Oxygen  in  Eudiometry. 

he  explosive  union  of  hydrogen  with  oxygen  has  been 
h  resorted  to  in  the  analysis  of  gaseous  mixtures  con- 
ing either. 

or  this  purpose  a  stout  tube,  sealed  at  one  end,  at  the 
r  shaped  like  a  trumpet,  has  holes  drilled  into  it,  near 
sealed  end,  for  the  introduction  of  metallic  wires,  the 

of  which  approach  near  enough  to  each  other,  withJn 
;ube,  for  the  passage  of  an  electric  spark.  A  known 
me  of  the  explosive  mixture  being  introduced  into  the 
,  and  ignited  by  a  spark  from  an  electrophorus  or  an 
Tical  machine,  and  the  residual  air  being  transferred 

graduated  tube,  the  deficit  caused  by  the  process  is 
rtained. 

he  glass  tube,  employed  in  this  experiment,  with  its 
irtenances,  is  called  a  eudiometer, 
his  appellation  was  at  first  applied  to  the  instruments 

in  the  analysis  of  atmospheric  air,  of  which  one-fifth 

is  oxygen  gas;  but  it  has  since  been  applied  to  all 
Timents,  employed  in  measuring  the  results  of  pneu- 
M:hcmical  analysis. 


IW 
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177.  Of  the  ValuvuaeopB. 

Exporiments  perfarmed  wilh  eudicimelers  «uch  as  I  hftvo  been 
not  senu  to  moke  Uie  uteiw  of  the  procoaa  evidonl  to  a  nuiqerouB  claw,  ho  hb  ui  ena- 
ble tlieni  to  judge  of  the  result  by  iiiBpoctioo.     In  oidor  to  attajn  Ihia  object,  t 
tuTe  contrived  the  appnratua  roprenentcd  on  the  oppoaite  page,  which  I  have  called 
B  Tolninereope,  aa  I  find  it  very  incoDTenient  not  to  haya  a  namo  for  every  vmrie^    | 
ef  apparatus. 

It  conaistB  of  a  very,  atout  glass  tnbe,  of  3C  inches  in  height,  and  tapering  in 
diamotcr  iowde  from  2  and  |th  to  1  and  \iti  inches.  The  least  thickness  of  tfae  gla»ie 
at  the  lower  end,  and  is  there  abnat  phs  of  an  inch.  There  is  an  obvioui  incrcaM 
ID  thickness  towaids  llio  lop,  within  the  space  of  lUiout  (!  inches.  The  tabe  \» 
situated  bolween  the  iion  rodi,  I  I,  which  are  riveted,  at  their  lowoi  audi,  to  a 
circular  plate  of  the  same  metal,  let  into  the  lower  surface  of  a  square  piece  of 
plank,  P.  This  piece  of  plonk  aapporti  the  tube,  so  as  to  bo  concentric  witii  an 
aperture  corresponding  with  the  bore  of  the  tube,  and  constiloling  offeclivelj  its 
lower  orilioB.  The  upper  orifice  of  the  lobe  ii  closed  by  a  stout  block  of  mahogany, 
which  reaeives  a  disk  of  gum  el»>lic  in  a  corresponding  hollow,  made  by  means  of 
a  Inlho,  so  as  to  be  of  the  same  dianietoi  as  Ihe  end  of  the  lube,  Into  a  perTotatioD 
in  the  centre  of  the  mahogany  block,  communicating  with  the  bore  of  the  tube,  a 
cock,  c,  furnislied  with  a  gullowB  Bcrew,  is  inserted.  Through  llie  block,  on  each 
ude  of  Ihe  perforation,  wires  are  introduced,  so  as  to  bo  air-tight. 

To  Ihe  outer  ends  of  these  wires  two  gallows  screws,  g  g,  are  soldered;  to  Iha 
inner  ends  a  platinum  wire,  so  as  to  form  a  galrano-igniuon  ajiparatut,  onalogoaa 
to  that  already  described  and  illustrated,  page  IU7,  article  111. 

The  apparatus  being  so  far  prepared,  lei  it  be  firmly  filed  over  the  pneumatic 
cistern,  so  that  the  water  may  rise  about  an  inch  above  the  lower  extremity  of  Iha 
lube.  To  the  gallows  screws,  g  g,  attach  two  leaden  rods,  severally  proccedinir 
from  the  poles  of  a  colorimotor.  By  means  of  a  leadeo  pipe,  produce  a  commutu- 
catioQ  between  the  bore  of  the  cock  and  an  air  pump,  ao  that  by  pumping  Iho  air 
from  Ibo  cavity  of  the  tube,  the  water  of  llie  cistern  may  be  made  to  rise  into  Iha 
space  thus  exhnustod  of  air.  On  cnch  side  of  the  tube,  and  between  it  and  each 
iron  rod,  there  are  two  strips  of  wood  S  S,  snored  so  as  to  graduate  about  seven 
inches  oftho  lube  Into  eighl  eminl  ports.  Thi:ae  parts  were  incaaiircd  by  introdoc* 
ing  into  the  tube,  previously  filled  with  water,  exactly  the  same  bulk  of  air  eight 

limes,  and  marking  tlie  height  of  the  water  after  eacli  addition.    By  Iheso 

the  instrument  is  graduated  into  eight  ports  of  equal  capooity;  and  we  are 
of  it  enabled  to  measure  tlie  gases,  and  to  notice  the  diminution  of  volume  result- 
ing from  their  sponlaneoua  reaction,  or  that  which  may  be  induced  by  the  iinutioQ 
of  the  -" 


sir  eigni 

e  means     1 
o  by  aid      " 


Theai 


10  far  prepared,  and  the  tube  exhausted  of  air  so  as  t«  ba- 
' — ock  loading  to  the  air  pump,  and  introduce  two  Tolames 
dume  of  pure  oxygen,  which  mav  he  most  convemenllj 
TTio  plates  of  the  calon- 


pura, 


and  accurately  e&eclcd  by  the  slidinu  rod  gas  measure,  ilia  plates  of  the  ci 
motor  being  in  the  next  place  oicileifby  Uie  acid,  the  ignition  of  the  platinum 
ensues,  and  cauacs  the  hydrogen  and  oiygen  to  explode.     When  they  are  ] 


indensalion  is  so  compli 
■  forcibly  against  the  gum  o) 
block,  closes  the  upper  orifice  ofthe  lube. 

If  the  preceding  experiment  bo  repented  with  an  excess  ofeithei  gas,  it  will  be 
found  that  a  quantity,  equal  lo  the  excess,  will  remaio  after  the  explosion.  This  ii 
very  evident  when  Ihe  e:icois  is  just  equal  to  one  volume,  because,  in  that  ease, 
just  one  Tolnme  will  remain  uncondensed.  Ily  these  means,  a  saliBracloTy  illus- 
tmtion  ii  afforded  of  the  simple  and  invariable  ratio  in  which  the  gaseooa  elemenli 
of  water  unite,  when  mixed  and  inflamed ;  which  is  a  fact  of  great  importance  to 
o  the  interesting  tlioory  of  Tolames  which  hereafter  I  dial 

COMPOUNDS  OF  HYDROGEN  WITH  OXYGEN. 

Of  Water. 

This  liquid  is  produced  by  the  combustion  of  hydrogca' 

gas  with  oxygen  gas.     It  may  be  decomposed  by  passing 

it  in  steam  over  iron,  ignited  in  a  gun  barrel;  also  by  '^~' 

aid  of  acids,  by  tlie  alkaline  metals,  by  sulphurets  and  ph< 
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i^urets,  by  electricity,  by  galvanism,  and  by  vegetable 
leaves.  Water  is  vaporizable  by  heat,  and  evaporable  by 
the  joint  influence  of  heat  and  air. 

The  equivalent  of  oxygen  being         8 
And  that  of  hydrogen  1 

Water  is  represented  by  9 

Water  is  necessary  to  some  crystals  and  to  galvanic 
processes.  Its  powers  as  a  solvent  are  peculiarly  exten- 
sive, and  are  increased  by  heat  and  pressure. 

Water  is  one,  among  other  substances,  which  acts  as 
an  acid  with  powerful  bases,  while  with  powerful  acids  it 
acts  as  a  base.  Berzelius,  in  some  instances,  calls  it  hy- 
dric  acid.  It  wiU  be  seen  as  we  proceed  that  it  combines 
with  various  metallic  oxides,  especially  those  which  con- 
stitute the  alkalies  and  alkaline  earths.  With  the  latter 
especially  it  produces  much  heat  in  combining,  as  exem- 
plified in  the  slaking  of  lime;  and  in  several  of  its  combi- 
nations with  them,  its  affinity  is  too  energetic  to  be  over- 
come by  any  degree  of  heat.  Excepting  acids,  any  com- 
pound in  which  water  exists  as  an  essential  constituent, 
is  called  a  hydrate.  Thus  slaked  lime  is  a  hydrate  of 
lime ;  but  this  term  is  inappropriate,  when  applied  to  the 
compounds  which  it  forms  with  acids.  To  them  the 
term  aqueous  is  applied  by  Berzelius.  The  absence  of 
water  in  any  substance  in  which  it  is  liable  to  be  present, 
is  signified  by  the  word  anhydrous. 

178.  Experimental  Illustrations  of  the  Agency  of  Water. 

No  reaction  ensues  between  tartaric  acid  and  carbo- 
nated alkali  until  water  is  added,  when  a  lively  eflferves- 
cence  ensues. 

In  like  manner,  concentrated  sulphuric  acid  and  zinc 
remain  inactive  until  water  is  added,  when  a  copious 
evolution  of  hydrogen  follows. 

If  nitrate  of  copper  be  rolled  up  in  tinfoil  without  mois- 
ture, the  mass  will  remain  inert;  but  if  moistened  before 
it  is  rolled  up,  ignition  will  be  produced. 
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179.  Slcam  decomposed  by  Ignited  Iron. 


IlaviQg  introduced  bome  turnings  of  iron  or  refuse  card 
teeth  iDto  an  old  musket  barrel,  lute  into  one  end  of  it  the  : 
beak  of  a  half-pint  glass  retort,  about  half  full  of  water; 
into  the  other  end,  a  flexible  leaden  tube.  Lift  the  cover  ' 
off  the  furnace,  and  place  the  barrel  across  it,  so  that  the 
part  containing  the  iron  turnings  may  be  exposed  to  the 
greatest  heat.  Throw  into  the  furnace  a  mixture  of  char- 
coal and  live  coals.  The  barrel  will  soon  become  white- 
hot.  In  the  interim,  by  means  of  a  chauffer  of  coals,  the 
water  being  heated  to  ebullition,  the  steara  is  made  to 
pass  through  the  barrel  in  contact  with  the  heated  iron 
turnbigs.  Under  these  circumstances,  the  oxygen  of  the 
water  unites  with  the  iron,  and  the  hydrogen  escapes  in 
the  gaseous  state  through  the  Uoxiblc  tube. 

The  decomposition  of  water  by  sulphurcts,  phosphu- 
rets,  and  the  alkaline  metals  will  be  illustrated  in  due 
time. 

180.   Waier  produced  by  an  injiamed  Jet  of  Hydrogen. 

The  recompoaition  of  water  may  be  rendered  evident. 
by  means  of  the  philosophical  candle,  176,  or  any  other 
inflamed  jet  of  hydrogen,  situated  within  a  large  glass 
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globe.  The  glass  becomes  immediately  covered  with  a 
dew,  arisiiig  from  the  condensation  of  aqueous  vapour, 
produced  by  the  imioa  of  the  oxygen  of  the  air  with  the 
nydrogen. 


This  apparatus  consista  of  a  glass  globe,  with  a  neck  cetncnicd  iuto  a 
limss  cap,  from  which  three  tubes  proceed,  severally  communicating  with 
U  air-pump,  and  with  rcservoira  of  oxygen  and  hydrogen.  It  has  also 
ID  insulated  wire  for  producing  the  indammation  of  a  jet  of  hydrogen  by 
means  of  an  electric  spark.  In  order  to  put  the  apparatus  into  operation, 
tbe  globe  must  be  exhausted  of  air,  and  supplied  with  oxygen  to  a  certain 
Gitent.  In  the  next  place,  hydrogen  is  allowed  to  enter  in  a  jet,  which  is 
to  be  inflamed  by  on  electric  spark.  As  the  oxygen  is  consumed  more  is 
to  be  admitted. 

I  have  employed  a  wire  ignited  by  galvanism  to  inflame  the  hydrogen 
in  this  apparatus,  and  conceive  it  lo  be  a  much  less  precarious  method 
than  that  of  employing  an  electrical  machine,  or  elcctrophorus. 
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182.  Description  of  an  improved  Apparatus  for  the  Recomposition  cf 

Water. 

This  apparatus  is  represented  by  the  opposite  engraving.  An  inverted 
bell  glass,  with  a  conical  neck,  is  so  closed  at  the  apex  in  the  making,  as  to 
form  a  transparent  converging  cavity,  suitable  to  render  the  presence  of  a 
very  small  quantity  of  any  contained  liquid  perceptible  to  the  eye. 

By  means  of  the  screw  rod  and  plate  frame,  (page  94,)  this  bell  glass  is 
secured  in  an  inverted  position  and  made  air-tight.  With  the  aid  of  three 
valve  cocks,  V  V  V,  and  as  many  leaden  pipes,  communications  with  an 
air-pump,  a  barometer  gauge,  and  a  receiver  sufficiently  supplied  with  oxy- 
gen, may  be  severally  opened  or  closed  at  pleasure. 

Through  a  stuffing  box  which  surmounts  the  plate,  a  copper  pipe,  P,  is 
so  passed  as  to  occupy  the  axis  of  the  bell  glass,  and  that  of  a  coil  of  pla- 
tinum wire,  appertaining  to  a  galvano-ignition  apparatus,  (111*)  The  cop- 
per pipe  terminates  below  in  a  small  platinum  tube,  and  above,  outside  of 
the  receiver,  in  a  cock  C,  a^  gallows  screw,  by  which  and  a  leaden  pipe, 
a  communication  with  a  8dbr-r^;ulating  reservoir  of  hydrogen  ia  at  com- 
mand. 

The  apparatus  having  been  thus  arranged,  the  bell  is  to  be  exhausted, 
and  oxygen  admitted,  until  the  gauge  indicates  the  pressure  within  the  re- 
ceiver to  be  nearly  the  same  as  that  of  the  atmosphere.  In  the  next  place, 
the  platinum  wire  being  ignited,  a  jet  of  hydrogen  is  admitted,  which  of 
course  inflames,  and  continues  to  bum  so  long  as  the  supply  of  the  gases 
is  kept  up. 

Soon  after  the  inflammation  of  the  hydrogen,  the  resulting  water  will 
be  s^n  to  coat  the  interior  of  the  bell  glass  in  drops,  lesemUmg  a  heavy 
dew,  and,  continuing  to  accumulate,  will  descend  in  streams  into  the  con- 
verging nock  of  the  bell  glass.  By  surrounding  this  with  cold  water,  the 
condensation  may  be  expedited,  and  the  deposition  of  water  soon  rendered 
strikingly  evident. 

I  will  here  give  an  engraving  and  description  of  the  calorimotor,  which 
I  employ  in  the  above  experiment,  and  in  others  requiring  the  vivid  igni- 
tion of  about  two  inches  of  platinum  wire.  No.  24. 

183.  Description  of  a  Galvanic  MeLchine  for  producing  Ignition. 

This  machine  (see  cuts,  next  page)  consists  of  10  plates  of  zinc,  and  20  of  copper, 
each  12  inches  by  7,  arranged  in  Tour  galvanic  pairs.  The  plates  are  supported 
witliin  a  box  witn  a  central  partition  of  wood,  A  B,  dividing  it  into  two  compart- 
ments. Each  of  tlicso  maybe  considered  as  separated  into  two  subdivisions,  bj 
four  plates  of  copper  between  the  letters  C  C.  Of  course  the  box  may  be  considered 
as  comprising  four  distinct  spaces,  1 ,  2,  3,  and  4.  The  circuit  is  established  in  the 
following  manner.  Between  the  zinc  plates  of  compartment  1,  and  the  copper 
plates  or  compartment  2,  a  metallic  communication  is  produced,  by  soldering  tneir 
neighbouring  corners  to  a  common  mass  of  solder  with  which  a  groove  m  the 
wooden  partition  between  them  is  filled.  With  similar  masses  of  solder,  two  grooves 
severally  made  in  the  upper  edges  of  each  end  of  the  box  are  supplied.  To  one  of 
them,  the  comers  of  all  the  copper  plates  of  space  1,  and  of  all  the  zinc  plates  of 
space  4  are  soldered.  To  the  other  the  zinc  plates  of  space  2,  and  the  copper 
plates  of  space  3  are  soldered  in  like  manner.  Lastly  the  zinc  plates  of  compiit* 
ment  3  are  connected  by  solder  in  a  groove,  and  the  copper  plates  of  oomptrtmeBt 
4  are  in  like  manner  connected  by  solder  in  another  groove.  Upon  the  ends,  S  S, 
of  the  solder Justmentioned,  the  gallows  screws  are  severally  soldered,  and  totheee 
the  rods,  P  r,  called  poles,  are  fajitened. 

The  zinc  and  copper  surfaces  of  1  and  2  communicating,  have  their  natorally  op- 
posite  electric  powers  exalted,  and  induce  in  the  plates  with  which  they  are  alter* 
nated,  a  like  exaltation  still  higher.    By  the  communication  of  the  latter  with  the 


3  and  4,  a  limiliLr  ciTect  ia  indaced ;  and  again  by  indDClioD  the  6loctric 
ftweraof  the  plileB  alterDating  with  tbose  last  nienliuned  sr«  augmenlcd.  lienco 
lAchuge  belwoen  the  latter  will  hnvo  a  quatimple  intensity,  ind  hence  the  polea, 
winds,  coDunnnicating  with  tbo  gallows  screws,  soldered  an  almve  dcttcribed  lo  tlie 
IDC  and  copper  plates  mentioned,  will  make  u  discharge  through  any  conductor, 
vbmerer  ihe  apparatus  is  put  into  opcralion  bj  nusing  the  acid,  so  as  lo  enable  il 
ItKUToond  and  act  upon  the  galvanic  surfaces. 

(^  the  Air  in  Water. 
Water  naturally  contaias  air.    It  is  to  receive  the  in- 
floence  of  the  oxygen  of  the  air  thus  existing  in  water, 

r  that  fishes  are  furnished  with  gills,  which  perform  to  a 
Certain  extent  the  office  of  lungs  in  decarbonizing  the 
Wood.  Fishes  cannot  live  in  water  which,  either  by  boil- 
iDgor  exhaustion,  has  been  entirely  deprived  of  air. 

L    The  habitudes  of  other  gaseous  substances  with  water 

nnn  be  more  advantageously  illustrated,  when  those  sub- 

HtoDces  are  under  consideration. 

^  — 
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184.  Experimental  Proof  of  the  Presence  of  Air  in  Water. 

Water  exposed  to  the  action  of  an  air  pump,  or  other- 
wise subjected  to  exliaustion,  becomes  replete  with  air- 
bubbles. 

Of  the  Moisture  in  Air. 

Air  is  not  more  invariably  aitmdant  upon  water  than 
water  is  upon  air;  nor  is  the  air  in  water  more  neces- 
sary to  fishes,  than  the  water  in  the  air  to  animals  and 
■  vegetables. 

The  well  known  deleterious  influence  of  the  winds 
which  blow  from  the  African  deserts,  arises  probably  from 
their  aridity.  The  desiccating  power  of  air  is  directly  as 
its  temperature,  and  inversely  as  the  quantity  of  moisture 
previously  associated  with  it. 

There  is  a  certain  proportion  of  moisture,  relatively  to 
the  temperature,  which  is  most  favorable  to  our  comfort. 
If  the  moisture  be  increased  without  raising  the  tempera- 
ture, or  the  temperature  be  increased  without  an  acces- 
sion of  moisture,  we  are  incommoded.  In  the  one  case, 
the  skin  becomes  unpleasantly  dry;  in  the  other,  the  air 
is  too  much  encumbered  with  aqueous  vapour,  to  allow 
perspiration,  whether  sensible  or  insensible,  to  proceed 
with  sufficient  freedom. 

Stove  rooms  are  oppressive  on  account  of  the  too  great 
aridity  of  the  air  in  them;  and  hence  the  well  known  re- 
medy of  a  basin  of  water,  placed  upon  the  stove  to  fil^ 
nish  moisture  by  its  evaporation.  ' 

UygTomelrie  Prorris  of  Dallon. — The  Afw  which  is  observable  on 

vessels  containing  cold  water,  in  warm  weather  especially,  anses  fion 
the  condenaation  of  the  aqueous  vapour  in  the  air. 

According  lo  Mr.  Dultoii,  the  less  the  ti^rap  of  coSd  requisite  to  pR^ 
duce  this  pbcaomenon,  the  grealer  the  quantity  of  moisture  Jo  tbe  air,    i 
Hence,  by  ascertaining  the  highest  temperature  at  which  the  water  iscs.    | 
pable  of  producing  the  condousalion,  the  quantity  of  moisture  may  to 
known  from  a  table  which  he  has  constructed. 

DanielVs  Hygrometer. — Mr.  Danicll  has  contrived  an  hygrometer  up* 
the  princi{rfe  thus  suggested  by  Dalton.     Vaporization  is  ingeniously  ^ 
[ilied  to  produce  cold  in  one  bulb  of  the  instrument,  in  consequence  of  A* 
cold  produced  by  the  evaporation  of  ether  in  another  bulb,  as  in  ihe  cryfr  I 
phoriis,  124,     Two  thermometers  accompany  the  instrument,  one  witM  \ 
the  bulb  refrigerated  by  the  vaporization;  the  other  so  situated  as  lo  iDdi-    i 
ctite  the  temperature  of  the  atmosphere.     As  the  quantity  of  aqueoua  T*  J 
pour  in  the  air  diminishes,  the  depression  of  temperature  necessary  lo  ito  J 
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precipitation  of  moisture  on  the  refrigerated  bulb  increases.  The  extent 
of  the  depression  is  ascertained  by  the  thermometers,  the  quantity  of  water 
in  the  air  by  reference  to  a  table. 

Organic  Sensibility  to  Moisture  of  the  Beard  of  the  Wild  Oat. — Hy- 
grometers have  been  made  which  arc  dependent  upon  the  contraction  or 
dilatation  which  catgut,  whalebone,  and  other  substances  of  a  like  nature 
uodergOy  in  proportion  to  the  quantity  of  moisture  in  the  air.  Among  in- 
stniments  of  this  kind,  that  formed  by  means  of  the  beard  of  the  wild  oat 
is  pre-eminent  for  its  susceptibility  to  the  influence  of  moisture.  Breathing 
on  it  causes  the  index  to  be  moved  instantaneously.  The  indications  of 
hygrometers  thus  constructed  are  not  refcrrible  to  any  standard,  agreeably 
to  which  a  comparison  can  bo  made  between  the  dryness  of  the  air  in  dif- 
lercDt  places  at  the  same  time,  or  in  the  same  place  at  diflerent  times. 

Hygrometric  Process  by  means  of  a  Balance.^^li  may  be  presumed 

that  the  quantity  of  moisture  in  the  air  is  inversely  as  the  weight  of  wa- 

^  ter  which  will  in  a  given  time  evaporate  from  a  moist  sur- 

^C^       face.     If  this  presumption  be  correct,  the  little  square  dish 

X      \     here  represented  may,  with  the  aid  of  a  delicate  scale  beam, 

/  \    be  used  as  an  hygrometer.     If  it  be  suspended  to  the  ba- 

^^^^^   lance,  and  equipoised  while  containing  a  little  water,  the 
^^H^^   counter-weight  will  in  a  few  minutes  preponderate,  in  con- 
■  sequence  of  the  loss  by  evaporation. 

The  loss  of  weight  within  any  known  ))criod  being  determined,  the  eva- 
porating power  of  the  air  will  be  as  the  loss  of  weight ;  but  as  the  evapora- 
tion is  more  or  less  rapid  in  proportion  as  there  may  be  more  or  less  agi- 
tation, it  will  not  be  right  to  infer  that  the  quantity  of  aqueous  vapour  in 
the  atnoosphere  is  inversely  as  the  rate  of  evaporation,  unless  the  process 
were  uninfluenced  by  the  wind. 

Compounds  of  Chlorine  with  Water, 

Hydrate  of  Chlorine. — Berzelius  observes  that  chlorine  furnishes  the 
only  instance  of  an  elementary  substance  capable  of  entering  into  combi- 
nation with  water.  I  allude  here  to  a  crystalline  compound  formed  on 
passing  the  gas  through  that  liquid  at  a  temperature  below  40®  F.  The 
hydrate  thus  formed  is  capable  of  l)eing  sublimed  from  one  part  of  the  con- 
taining vessel  to  another,  in  consequence  of  a  slight  diversity  of  tempera- 
ture. It  consists  of  one  volume  of  chlorine,  and  twenty  volumes  of  aqueous 
vapour. 

Solution  of  Chlorine  in  Water, — Berzelius  alleges  that,  in  order  to  ob- 
tain a  saturated  solution  of  chlorine  in  water,  it  is  necessary,  in  the  first 
instance,  to  expel  from  Ae  latter  all  the  atmospheric  air. 

He  does  not  consider  that  water  will  hold  this  principle  simply  in  a  stale 
of  solution,  but  that  muriatic  acid  is  formed  by  the  union  of  chlorine  with 
the  hydrogen  of  the  water;  while  its  oxygen,  combining  either  with  chlo- 
rine or  water,  generates  chlorous  acid,  or  dcutoxide  of  hydrogen. 

These  substances,  he  believes,  are  formed  only  in  small  quantities  at 
first ;  yet  it  is  from  these  that  the  extrication  of  oxygen  gas  is  effcxited  in 
the  solar  rays,  and  that  oxygon  is  imparted  to  colouring  matters  bleached 
by  the  operation  of  this  liquid.  The  muriatic  acid,  created  at  the  same 
time,  is  prone  to  injure  fabrics  subjected  to  it;  and  hence,  in  bleachincr, 
solutions  of  the  chloride  of  lime  or  of  the  fixed  alkalies  are 
These  are  by  Berzelius  considered  as  chlorites,  consisting  of  d 
and  the  oxybase  employedi  whether  lime,  potash,  or  sodp 
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Of  (he  Deuloxide  or  Bioxide  of  Hydrogen^  or  Oxygenaki  1 
Water. 

In  1818,  Thenard  discovered  that  water  might  be  made 
to  receive  an  additional  quantity  of  oxygen,  by  dissolving 
deutoxide  of  barium  in  liquid  muriatic  acid,  precipitating 
the  baryta  by  sulphuric  acid,  and  the  chlorine  by  silver. 

Properties. — The  bioxide  of  hydrogen  is  as  liquid,  and 
as  devoid  of  colour  as  water.  It  is  nearly  inodorous, 
whitens  the  tongue,  inspissates  the  saliva,  and  tastes  like 
some  metallic  solutions.  Apphed  to  the  skin,  it  creates 
a  smarting  sensation,  more  durable  in  some  persons  than 
in  others.  Its  specific  gravity  is  1.452.  Hence,  when 
poured  into  water,  it  descends  through  it  like  syrup,  but 
is  dissolved  by  agitation. 

As  it  is  less  easy  to  vaporize  than  water,  it  may  be  se- 
parated from'  that  liquid,  by  exposure  in  vacuo  over  sul- 
phuric acid  (122).  In  its  most  concentrated  form,  it  has 
not  been  congealed  by  any  degree  of  cold  to  which  it  has 
been  subjected. 

The  most  interesting  property  of  this  substance  is  that 
of  giving  off  oxygen  explosively,  on  being  brought  into 
contact  with  substances  which  do  not  unite  with  either 
of  its  ingredients.  Thus  it  explodes  by  contact  with  finely 
divided  silver,  platinum  or  gold,  and  still  more  actively 
with  oxide  of  silver  or  peroxide  of  lead. 

The  difficulty  of  explaining  these  phenomena  has  al- 
ready been  noticed.  See  the  article  on  the  states  in 
which  caloric  exists  in  nature,  page  122. 

When  mingled  with  the  mineral  acids,  its  liability  to 
decom|>osition  is  diminished. 

If  exposed  to  heat  in  its  most  concentrated  state,  a  few 
grains  create  a  violent  explosion.  When,  by  dilution  with 
20  parts  of  water  and  exposure  to  heat,  it  loses  all  tbe 
oxygen  which  it  holds  beyond  the  quantity  necessary  to 
the  composition  of  water,  as  much  oxygen  is  found  to  be 
evolved  as  the  hydrogen  in  the  residual  water  retains. 
Hence  it  is  generally  supposed  to  consist  of  one  atom  of 
hydrogen  and  two  of  oxygen. 

Remarlti  an  Nomenclature. 
I  shall  here,  aa  in  some  other  instances,  quote  from  my  Ictler 
nomenclalure  of  Berzclius,  sticb  appropriate  suggestioDs,  as  the  attideot 
who  has  accompanied  me  thus  far  otigbi  to  be  capable  of  underetandu^. 
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In  common  with  olhcr  eminent  chemists,  H>]r/.L'lLU3  hiis  disiinguished 
■eida  in  whiuh  oxygen  is  tlie  eloctro-nt^ativo  principle,  as  oxacidt,  anti 
those  in  which  hydrogen  is  a  prominent  ingreiiicot  as  hydraddt.  If  wo 
look  for  the  word  radical  in  the  table  oC  conlenls  of  his  invaluable  Trea- 
tise, we  art  referred  to  p.  21B,  vol.  1st,  where  we  find  the  following  deft- 
nilion,  "  the  conAuatible  body  contained  in  an  acid,  or  in  a  lalifaible 
boKf  i*  called  (lie  radical  nf  the  acid,  or  of  the  bate"  In  the  second  vol. 
page  103,  Ite  defines  hydracids  (o  be  "  those  acids  which  contain  an  elec- 
tro-negative body  combined  with  hydrogen ;"  and  in  the  next  pago  it  is 
slated,  that  *'  hydracids  are  divided  into  those  which  have  a  simple  radical, 
and  those  which  have  a  compound  radical.  The  second  only  comprises 
lluise  formed  with  cyanogen  and  sulphocyanogcn."  Again,  in  the  npxt 
giaragraph,  "  no  radical  is  known  that  gives  more  than  one  acid  wilh  hy- 
drt^n,  although  sulphur  and  todtno  are  capable  of  combining  with  it  in 
many  projxirtionH.  If  at  any  future  day  more  numerous  degrees  of  acidi- 
fir^ion  with  hydrogen  should  bo  discovered,  their  denomination  might  he 
founded  on  the  same  principles  as  (hose  of  oxacida-"  Consistently  wilh 
these  quotations,  all  the  electro-negative  elements  forming  acids  wilh  hy- 
drogen arc  radicals,  and  of  course,  by  his  own  defiaitioD,  combustibles; 
while  hydrogen  is  made  to  rank  with  oxygen  na  an  acidifying  principle, 
and  consequently  is  neither  a  radical  nor  a  combustible.  Vet  page  11^9, 
voL  2d,  in  explaining  the  reaction  of  fluoborJc  acid  with  water,  in  which 
caac  ftuoiine  unites  both  with  hydrogen  and  boron,  it  is  mentioned  as 
one  instance  among  others  in  which  fluorine  combines  wilh  two  eombiuli- 
biet. 

I  am  of  opinion  that  the  employment  of  the  word  hydracid,  as  co-ordi- 
nate with  oxacid,  must  tend  to  convey  that  erroneous  idea,  with  which,  in 
opposition  to  his  own  definition,  the  author  seems  to  have  boon  imbued, 
that  hydrogen  in  the  one  class,  plays  the  same  part  as  oxygen  in  the  other. 
But  in  reality,  the  former  is  eminently  a  combustible,  and  of  course  the 
radical  by  his  own  definition. 

Dr.  Thomson,  in  his  system,  does  not  recognise  any  class  ofwiidH 
imder  the  appellation  of  hydracids,  but,  with  greater  propriety  as  I  con- 
onre,  places  ibem  under  names  indicating  their  electro-negative  principles. 
Tlius  he  arranges  ihem  as  oxygen  aciils,  chlorine  acids,  bromine  acids, 
iodine  acids,  duorine  acids,  cyanogen  acids,  sulphur  acids,  selenium  acids, 
uid  tellurium  acids.  These  appellations  might,  I  think,  be  advantageously 
abbreviated  into  oxacids,  chloracids,  hromacids,  iodacids,  fluacids,  cyan- 
adds,  sulphacids,  selenBcids,  tellunicids. 

I  had  formed  my  ou^^g  on  this  subject  before  I  was  aware  that  Dr. 
Tltomson  bad  resorte^^B^^Iassification. 

As  respects  the  ac^HH^^uatly,  I  conceive  that  it  would  be  prefera- 
ble. If  the  syllable  indiCaflBgihe  more  electro- negative  clement  had  proce- 
dency  in  all,  as  it  has  in  some  cases.  The  word  hydroflonric  does  not 
hannonize  with  fluoboric,  lluosilicic,  fluochromic,  fluomolybdic,  &c.  Flu- 
orine being  in  each  compound  the  electro-negative  principle,  tlic  syllables, 
iwiW-Mting  its  presence,  should  in  each  name  occupy  the  same  station. 
These  remarks  will  apply  in  the  case  of  acids  fonned  with  hydrogen  by 
all  principles  which  are  more  electro-negative.  Hence  we  should  use  the 
chlorohydric,  bromohydric,  iodohydric,  fluohydric,  cyanhydric, 
of  hydrochloric,  hydrobromic,  hydriodic,  hydroffuoric,  hydrocy. 


Tbeae  opinimu,  cmcaved  during  the  preceding 
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lislied  by  me  in  the  Journal  of  Phannacy  for  October.  1833.  Since  then 
1  find  thai)  in  the  late  oditJan  of  his  Traits,  Thenard  has  actually  employol 
ibe  appellations  above  recommended. 

As  by  the  British  chemists  the  objectionable  words  have  not  been  defi- 
nitively adopted,  the  appellations  muriatic  and  pnissic  being  still  mucii  ■, 
employed,  it  may  not  be  inconvenient  to  ihem  to  introduce  those  which  are  I 
recomntended  by  consistency.  In  accordance  with  the  premises,  the  arJds 
fonned  with  hydrogen  by  sulphur,  selenium,  and  tellurium,  would  be  caIN 
severally  aulphydric,  selenhydric,  and  lellubydric  acid.  Compoiuds 
formed  by  the  union  of  the  acids,  thus  designated,  with  the  bases  sevemlly 
generated  by  the  same  electro- negative  principles,  would  be  called  sulpbj- 
dralea,  selen hydrates,  and  telluhydrales,  which  are  tlie  names  given  to 
these  compounds  in  the  Bertelian  nomenclature.  Influenced  by  uie  m- 
logy,  a  student  would  espect  the  electro-negative  ingredient  of  a  snlpfaj- 
drate  to  be  sulpliydric  acid,  not  a  aulphido.  The  terminating  syllable  of 
this  word,  by  its  associations,  can  only  convey  the  conception  of  an  etec- 
iro-positive  compound. 

COMPOUND  OF  HYDROGEN  WITH  CHLORINE. 
Of  Cklorohydric  or  Muriatic  Acid  Gas. 

When  hydrogen  and  chlorine  arc  rai.\ed  in  equal  vo- 
lumes they  combine  spontaneously.  In  the  dark,  or 
where  the  hght  is  I'eeble,  the  union  is  slowly  accomplish- 
ed, but,  in  the  solar  rays,  takes  place  explosively.  Ac- 
cording to  Sillinian,  the  direct  rays  of  the  sun  are  not  ne- 
cessary to  produce  the  result.  The  mixture  may  also  be 
exploded  by  tlie  electric  spark,  or  by  contact  with  any  ig- 
nited matter.  However  the  union  may  be  effected,  chlo- 
rohydric  or  muriatic  acid  gas  is  produced,  without  any 
reduction  of  volume  if  no  water  be  present. 

Synthesis  of  Cklorohydric  Acid  Gas. 

In  order  to  demonstrate  the  ratio  in  which  chlorine  and 
hydrogen  combine,  it  is  only  necessary  to  introduce  and 
ignite  in  the  voluniescope  over  watg^jflual  measures  of 
each  gas.  If  they  be  pure  there  flHw'^  complete  con- 
densation. The  experiment  is  c^fflrcied  precisely  as  il 
the  case  of  oxygen  and  hydrogen.  (177),  excepting  that 
clilorine  is  substituted  Ibr  oxygen  in  a  double  proijortion- 


at  1 


i 


&pI<MiM  Reaction  of  HyUrogen  mtk  Chlorine,  undir  the 
'  '         of  the  Solar  Ray». 

A  llask  U  hair  filled  wilh 
chlorino  over  the  pneumatic 
cistern  in  ihe  usual  way,  and 
lh(;ii  transferred  to  the  pan  P, 
su  OS  lu  havQ  ita  orifice  exactly 
over  tliQt  of  a  |>ipe  which,  at  the 
ollHsr  end,  commimicniea  with 
ih(;  cock  C,  lo  which  is  annexed 
a  llesihio  pipe  extending  to  a 
BeU'-regulnliiig  rcaervoir  of  hy- 
drngcn,  173. 

Tlie  flnsk  is  surrounded  by  a 
wire  gauze,  W,  and  just  bi^forc 
Ihc  explosion  is  desired,  hy- 
drogen I'rom  ibe  reservoir  is  al- 
lowed to  occupy  that  portion  of 
the  cavity  which  was  prcviausly 
cupied  by  ihc  chlorine.  Il  should  be  understood  (hat  the  pan,  during 
)perati(X),  retains  a  sufficient  stratum  of  wnlir  to  cover  (he  mouth  of 
[ask,  and  that  this  ia  occupied  with  Itie  same  hquid  in  part  until  il  is 
uxd  by  iho  hydrogen. 

ie  preliminary  arrangements  belnE  made,  a  mirror  must  be  placed  la 
lation  to  receive  the  solar  rayg  without  passing  throUf,'h  window  glass, 
to  reflect  them  upon  the  flask.  The  result  is  nn  explosion,  from  the 
kof  which  the  spectators  are  protected  by  the  wire  gauze, 
imual  be  obvious  that  this  experiment  can  only  succeed  when  the  sun 
pobflcured. 

should  be  understood  that  ihe  condensation  arises  altogether  from  IIm 
•fpiioo  of  the  gas  by  the  water. 

16.  Preparation  of  Cklorohydric  or  Murwtiv  Acid  Gas- 
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Into  a  tubulated  retort,  introduce  about  as  much  chli 
ride  of  sodium  (common  salt)  as  will  occupy  nearly  oi 
third  of  the  body,  A.  Lute  a  glass  funnel,  furnished  v 
a  cock,  into  the  tubulure.  Let  the  orifice  of  the  beak, 
be  8o  depressed  below  the  surface  of  the  mercury  in 
cistern,  as  to  be  under  a  bell  glass,  filled  with  and  in- 
verted over  the  mercury,  and  properly  situated  for  re- ' 
ceiving  any  gas  which  may  escape  through  the  bea(u^ 
Prepare  about  three-fourths  as  much  strong  sulphuric 
acid  by  weight  as  there  may  be  salt  in  the  retort.  After' 
pouring  about  one-third  of  the  acid  into  the  retort,  close, 
the  cock  of  the  funnel:  the  mixture  will  rise  in  a  foam, 
and  a  portion  of  gaseous  matter  will  pass  into  the  bell. 
As  soon  as  the  foam  subsides,  add  more  of  the  acid  until 
the  whole  is  introduced.  Then  as  soon  as  the  foam  again 
subsides,  apply  the  chauffer,  C,  and  chlorohydric  acid  gas 
will  continue  to  be  copiously  evolved. 

Rationale. — The  water  combined  with  the  sulphuric 
acid  is  decomposed;  its  oxygen  unites  with  the  sodium, 
forming  soda,  with  which  the  sulphuric  acid  combines, 
forming  sulphate  of  soda.  The  hydrogen  of  the  water 
and  the  chlorine  escape  as  chlorohydric  acid  gas. 

Properties. — Chlorohydric  acid  has  all  the  attributes  of 
a  gas.  It  is  colourless,  and,  although  less  active  than 
chlorine  gas,  is  to  the  organs  of  respiration  intolerably 
irritating,  and  if  not  very  dilute  deleterious  to  Hfe.  Cm 
escaping  into  the  air,  it  produces  white  fumes,  from  its 
meeting  with  moisture.  Its  affinity  for  water  is  so  great, 
that  this  liquid  will  take  up  420  times  its  bulk,  and  ice  melu 
in  it  as  if  surrounded  by  fire.  When  brought  in  contact 
with  the  metals  which  decompose  water,  its  hydrogen  is 
liberated,  while  the  chlorine  unites  with  the  metal.  Equal 
weights  of  potassium  separate  the  same  weights  and  vo- 
lumes of  hydrogen  from  chloiohydricBcid  and  from  water, 
a  result  conformable  with  the  inferred  atomic  composition 
of  both.  Presented  to  the  metallic  oxides,  a  reciprocal 
decomposition  ensues;  the  hydrogen  unites  witii  the  oxy- 
gen generating  water,  the  chlorine  with  the  metal  produc- 
ing a  chloride.  If  mingled  with  oxygen  and  exposed  t^ 
the  action  of  heat  or  a  succession  of  electric  sparks,  " 
small  portion  of  chlorohydric  acid  gas  is  decomposecM 
This  result  cannot  be  extended  to  more  than  iVth  of  tl 
whole  volume  of  the  gas.     At  the  temperature  of  50' 


J 
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under  a  pressure  of  forty  atmospheres,  it  becomes  a  co- 
lourless liquid. 

Its  specific  gravity  is  1.2694,  a  mean  between  that  of 
ila  constituents.  The  weight  of  100  cubic  incites  is  39.36 
^ins. 

One  atom  of  chlorine,  equivalent  36 

»  And  one  atom  of  hydrogen,  equivalent  1 

Constitute  one  atom  of  chlorohydric  acid  gas, 
equivalent  .    37 

187.  Experimental  IHustrations. 

Equal  volumes  of  hydrogen  and  chlorine,  being  mixed 
and  subjected  to  the  solar  rays  or  galvanic  ignition,  ex- 
[Jode  and  form  chlorohydric  acid  gas. 

Gas  collected  over  mercury  in  tail  jars.  Water,  co- 
loured by  litmus,  being  introduced,  rapidly  changes  to  a 
red  colour,  and  causes  the  disappearance  of  the  gas.  Same 
effect  produced  by  ice,  which  is  rapidly  melted. 

Preparation  of  Lifjuid  Chlorohydric  or  Muriatic  Acid- 

It  may  be  obtained  by  saturating  water  with  the  gas 
in  Woulfe's  apparatus.  (See  the  following  figure.)  The 
solution  is  nearly  pure  in  alt  the  receptacles  excepting  the 
first. 


1H8.   tToulfi's  .Ipparati 


wliere  my  vapour 
Ueh  maj  accompanj  it  condenaea. 
*~  '*  in  proeeids  along  the  tube  whi 
t  to  the  globe.    Aa  llie  iiioull 
w  the  flurfiice  of  Uib  liqitW  placet 

iTB  the  BUrftce  of  the  liquid,  where  H  further  abiorption 

,j  of  gai,  beyond  the  quantity  abaorhed  by  Ihe  liquid  in  tha 

■,  byjpnBaafthe  connecting  tobs,  to  the  second  bottle,  and  whit 


itiblishes  a  com  mimical  inn  wilh  the  bat' 

this  lube  which  ie  wilhin  the  bottle,  ie 

re  lo  nbsorb  it,  the  gaa  haa  lo  bubble  up 

n  absorplir>n  by  the  agitation  thua 
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U  not  UierQ  ibsorbcd,  reKchei  the  third  bottle,  wbcrc  the  process  proceeda  ■■  i4« 
lie  fimt  two.  Should  any  of  the  gRt  eicnpe  the  whole  •ericB,  i(  may,  by  lengthed-i 
ing  the  last  tabe,  be  conducted  under  a  Imll  glais  filled  with  valer  on  the  ahelf  )f 
the  hvdro-pneuuuilic  ciitern,  so  as  not  lo  annoy  the  operator.  But  Ihia  neTer  takM 
place' in  Ihe  case  of  chlorohydric  acid  gas.  until  the  water  ia  nearly  sn I u rated. 

Supposing  Ihe  eilricntioD  of  gaa  lo  cetue  bsrorH  the  liquid  in  the  lin>t  boltla  i^ 
aatatated,  tbe  absorption  continuing,  the  tiiuid  in  the  eecond  bottle  might  be  traWr, 
Terred  to  tbe  Rttl,  in  eansc<fuence  of  the  roreftction  nf  Ihe  reaidiial  gas  rendering  tH 
incompetent  to  rcaiet  the  atmonpherie  prenure.  In  like  manner  tbe  contents  of  the 
third  liotlle  micht  be  iransrerred  to  the  second.  To  prevent  theec  inconve 
there  ia  in  each  battle  a  straight  tub«  fistesod  airtiifht  into  an  intermediila  ntek.' 
and  dsacendins  into  Ihe  linuid.  By  these  means  an  adeijuale  pressure  is  oppoNt 
lo  the  escape  of  the  eas,  and  ^el  any  diniination  of  pressure,  arising  from  absarptiN, 
will  be  compensated  by  the  ingreH  ofatmoiphoric  air,  ere  the  liqaid  can  be  dran 
over  fVoni  the  next  boltle.  Tu  prevent  abnorplion  Iroin  the  Grst  bottle  into  Uw 
globe,  It  is  best  to  use,  fnr  (ho  introduction  nf  the  acid,  a  trumpet. mouthed  tube  at 
snuiU  bore,  pusing  tlirnugh  and  luted  into  the  (ubulure  by  a  coric  with  lead  inds 
gntn  elastic  biuida^,  and  terminitiag  in  a  small 
tort  inside. 


IT  the  botlom  of  the  n 


189.  Voiet  tightentd  by  Scrtvs),  ti,bslitiAtd  far  ll'milfe's  Botlla. 


In  Uie  appnrntUB  lepreBenlcd  in  this  figure,  the  vi 
be  impregnntcd,  are,  by  the  prcSBUie  ot  acrews.  m 
which  they  ere  ground  to  fit,  and  which 


Islning  the  liquid  I* 

Lgainst  leaden  fhM, 

imented  and  nailed  la  the  wocdn 


cross-piece,  under  which  the  vessels  are  situate^^^  fc 

InlQ  the  cross-piece  Iwu  herixonlal  holes  are  flwuBBn)  a  oommi 
lo  enter,  aevcrslly.  other  boles  bored  verticlllj,  nf  «nmh  odd  conin 
nally  with  tht-  first,  the  other  with  Ihe  eecoTid  resai-l.  The  extern 
closed  by  a  screw,  a  comniunication  ia  ealabtished  Wtweon  the  cavities  of  the  i 
aels,  which  obvialas  lhi{  necessity  of  tubes.  The  second  vusaei  coram luaiotlsi  < 
Ihe  third  vessel,  iathe  snuic  wny  as  with  llie  Hrst. 

The  hole  over  either  vessel,  which  communicates  with  the  inside  of  itie  prw 
ing  Teasel,  ia  fumiahed  with  a  tube  passing  downwards  a  few  inches,  »  as  to  ei 
any  contained  liquid.  The  tube,  thus  iniuicrsed  in  tlie  first  vessel,  rises  into. 
ComiMiIuoaleB  wilh  the  cavity  of  the  globe.  This  globe  is  pressed  by  scretvaan 
a  lonileD  plate,  which  it  is  ground  lo lil,  so  as  to  make  an  air  tight  juncture,  in 
same  way  ns  already  desoTibed  rii  the  case  nf  tlic  vesasts  below  tbe  croas.piMe, 
Hence  the  first  tube  establishes  a  comuiunication  between  the  globe  aAd 
liquid  in  tho  tirst  vessel,  below  the  surTace  of  which  its  liUinpel.eb^>ed  -~ 
rriMr.hrt.  The  Second  tube,  communicating,  by  means  of  tho  porfbmtiani  - 
k  the  cavity  of  the  first  vessel,  descends  into  ^c  liquid 
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Doond  yessel.    The  third  tube^  in  like  manner  commonicatinf  with  the  ca- 

of  the  Beeond  vessel,  descends  into  the  liquid  of  the  third  vesseL 

le  gas,  extricated  from  the  retort,  passes  into  the  receiver,  where  it  depositee 

»ndensable  matter,  and  proceeds  down  the  tube  into  the  first  vessel.    What- 

1^  is  not  there  absorbed,  proceeds,  through  the  perforations  in  the  wood,  to 

abe  in  the  second  vessel,  escaping  from  that  into  the  liquid.    The  excess  of 

«yond  what  is  there  taken  up,  wul  reach  the  third  vessel  from  the  second,  as 

iched  this  firom  the  first. 

may  be  proper  to  mention  that  the  perforations  in  the  wood  are  charred  by 

is  of  a  red-hot  iron,  and  while  hot  soaked  with  bees  wax.    By  these  means, 

■re  rendered  impervious  to  anj  gas. 

1  the  top  of  the  wooden  cross-piece,  there  are  some  holes  which  are  represented 

dosed  with  corks.    These  are  for  the  introduction  of  safety  tubes,  as  in  the 

life's  bottles  described  in  the  preceding  .article,  when  they  may  be  deemed 


9cess  for  obtaining  Liqvid  Chiorohydric  Acid  by  simple 

Distillation. 

Liquid  chiorohydric  acid  may  be  obtained  by  distilling 
olution  of  chloride  of  sodium  in  water  with  sulphuric 
d.  In  this  way  there  is  no  need  of  an  apparatus  for 
moting  absorption,  as  described  in  the  preceding  arti- 
.  The  acid  comes  over  and  condenses  in  union  with 
I  requisite  quantity  of  water. 

Properties  of  the  Liquid  Acid. — When  concentrated 
produces  suffocating  fumes  from  the  escape  of  gas. 
hen  pure,  it  is  colourless,  though  usually  straw-coloured 
ra  the  presence  of  a  minute  portion  of  iron.  Chlo- 
lydric  acid  can  be  said  to  combine  with  those  alkalies^ 
ihs^  and  oxides  only,  which  form  with  it  soluble  salts.  It 
doubtful  whether,  when  presented  to  such  compounds, 
is  not  always  resolved  into  a  chloride  and  water, 
rzelius  conceives  that  it  cannot  exist  as  an  acid  in 
mbination  with  oxides.  It  is  certain  that  its  combina- 
ns  are,  for  the  most  part,  convertible  by  heat  and  de- 
cation  into  chlorides.  Muriate  of  magnesia  and  mu- 
te of  alumina  are  exceptions.  I  shall  notice  this  ques- 
n  again  in  treating  of  the  reaction  of  chlorine  with  the 
tals  of  the  earths  and  alkalies. 

Dr.  Thomson  informs  us  that  the  strongest  liquid  acid 
ich  he  could  obtain,  consisted  of  one  atom  of  acid,  equi- 
ent  37,  united  with  six  atoms  of  water,  which  being 
jivalent  to  54,  the  proportion  of  acid  to  water  by 
ight  was  as  those  numbers,  or  nearly  as  2  to  3. 

190.  Experimental  Illustrations. 

Liquid  chiorohydric  acid  exhibited;  also  its  reaction 
th  other  bodies.  '   . 
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Of  the  Old  Theory  of  the  Nature  of  Chlorine  and  CUorohf- 

dric  Acid* 

Chlorohydric  acid  was  deemed  to  be  a  compouDd  of 
oxygen  with  some  unknown  radical.  When  distilled  from 
red  oxide  of  lead,  or  black  oxide  of  manganese,  it  was 
supposed  to  combine  with  a  portion  of  the  oxygen  of  thoee 
oxides,  forming  oxygenated  muriatic  acid,  the  name  then 
given  to  chlorine.  To  the  oxygen  thus  imagined  to  exist 
in  it,  the  activity  of  chlorine,  as  a  supporter  of  combus- 
tion and  as  a  solvent  of  metals,  was  ascribed.  It  has 
since  been  proved  that  neither  carbon  nor  the  metals  are 
oxidized  when  intensely  ignited  in  dry  chlorine.  The 
metals  are  converted  into  chlorides,  while  the  carbon 
undergoes  no  change.  Chloride  of  sulphur  and  bichlo- 
ride of  phosphorus,  which  result  from  saturating  these 
substances  with  dry  chlorine,  are  devoid  of  acidity;  bat 
the  addition  of  water  converts  the  one  into  muriatic  and 
phosphorous  acid,  the  other  into  muriatic  and  hyposul- 
phurous  acid. 

If  chlorine  be  muriatic  acid  oxygenated,  the  discovery 
of  the  protoxide  of  chlorine,  and  of  chlorous,  chloric, 
and  oxychloric  acids  must  establish  this  anomaly,  that 
the  radical  of  muriatic  acid,  by  successive  additions  of 
the  same  acidifying  principle,  gains,  loses,  and  regains 
acidity,  forming  first  an  acid,  then  two  oxides,  and  fiually 
three  acids.  I  have  said  it  forms  two  oxides,  because 
chlorine  must  be  deemed  an  oxide,  having  no  acid  pro- 
perties. 

It  has  been  stated,  page  200,  that  Thenard  oxygenated 
the  water  in  liquid  muriatic  acid;  yet  this  did  not  convert 
it  into  a  solution  of  chlorine. 

Agreeably  to  the  doctrine  now  universally  sanctioned 
by  chemists,  chlorohydric  acid,  consisting  of  chlorine  and 
hydrogen,  is  deprived  of  hydrogen  in  all  those  processes 
by  which  it  was  formerly  supposed  to  be  oxygenated. 

COMPOUNDS  OF  HYDROGEN  WITH  BROMINE  AND  IODINE. 

Neither  with  hromine  nor  iodine  does  hydrogen  directly  combiDe,  yet 
phosphorus  combines  with  them  spontaneously.  The  resulting  compoundB 
have  upon  water  an  efiect  quite  analogous  to  that  produced  by  the  chlo- 
rides of  phosphorus;  producing  phosphoric  acid  by  a  union  between  the 
phosphorus  and  oxygen,  and  broo^ydric  or  iodohydric  acid  by  a  com* 
bination  of  the  hydrogen  of  the  water  with  bromine  or  iodine. 
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Of  Bromohydrxc  Acid. 

in  bromohydric  acid,  Berzelius  recommends  that  phosphorus 
>laced  in  contact  with  bromine  under  water.  The  resulting  bro- 
solved  into  phosphoric  acid  and  bromohydric  acid  gas.  The 
be  collected  over  mercury,  or  made  to  produce  liquid  bromohy- 
ly  union  with  water,  exactly  by  the  same  means  as  have  been 
in  the  case  of  chlorohydric  acid,  which  the  bromohydric  acid 
nbles.  Bromohydric  acid  is  a  colourless  gas,  in  smell  similar 
rdric  acid.  It  has  a  specific  gravity  of  2.7353.  When  brought 
with  the  air  it  produces  thick  fumes.  It  is  decomposed  in  pass- 
b  a  tube  heated  red-hot.  It  is  composed  of  one  atom  of  hydro- 
16  of  bromine. 

Of  lodohydric  Acid. 

ig  to  Berzelius,  in  order  to  procure  iodohydric  acid,  nine  parts 
od  one  of  phosphorus  should  be  placed  in  contact  at  the  bottom 
r  small  matrass,  and  protected  from  the  air  by  powdered  glass, 
iiosphorus  is  formed,  which  is  resolved  into  pboq)horic  acid  and 
acid  gas  by  the  gradual  afiusion  of  a  small  quantity  of  water, 
annot  be  collecled  over  water  or  mercury,  as  it  acts  on  the 
I  absorbed  by  the  other.  Hence  it  must  be  collected  in  bot- 
ans  of  tubes  descending  through  their  orifices  to  their  bottoms, 
nalogous  to  the  mode,  already  illustrated  on  a  large  scale,  for 
^lorine,  page  160.  This  process  is  even  more  practicable  in 
point ;  since  iodohydric  acid  is  the  heaviest  gas  known,  having 
;ravity  of  4.3854,  or  more  than  four  times  as  great  as  that  of 
c  air.  In  composition  and  general  properties  it  resembles  chlo- 
id  bromohydric  acid. 

ipound  of  hydrogen  with  fluorine,  forming  the  acid  of  fluor  spar 
'ic  add,  will  be  deferred  for  consideration,  until  boron  and  si- 
been  treated  of. 

Tic  Appellation  for  the  Adda  called  by  some  distingvished 

Chemists  Hydracids. 

I  is  a  striking  analogy  between  the  bodies,  called  halogen  by 
which  makes  it  advantageous  to  designate  them  by  one  epithet, 
ight  it  expedient  to  use  for  that  purpose,  the  term  which  he  has 
although  not  approving  of  the  grounds  on  which  it  was  con- 
him.  In  like  manner,  the  acids  formed  by  the  halogen  bodies 
>gen,  have  conunon  properties,  which  renders  it  convenient  to 
lydracids,  agreeably  to  the  practice  of  the  great  chemist  above 

of  Thenard,  and  of  other  distinguished  men.  But,  believing 
that  term  to  involve  error  and  inconsistency,  as  I  have  endea- 
ihow,  page  201,  I  will  hazard  a  word  for  the  purpose  in  ques- 
ated  from  halogen  and  hydrogen.  Under  the  generic  appella- 
Uohydric  acids,  I   would   place  chlorohydric,   bromohydric, 

fluohydric,  cyanohydric,  and  sulphocyanohydric  acids.     Of 

class  will  not  comprise  all  that  har^  'led  hydracids, 

ch  are  sulphydric,  selenhydric,  and  t  ^nd  water, 

r,  however,  is  placed  amoiur  the  ^' 

an  oxacid  than  as  a  Ir 
r  acids  last  mentioned- 


k 


INORGANIC  8UBBTANCBS. 

be  designated  oa  amphydric  acids,  consislently  with  ihc  course  which  \ 
have  adopted,  of  using  llie  term  a'thphigen  to  distinguish  the  four  i ' 
BO  called  by  Bcrzelius. 

COMPOUNDS  OF  HYDROGEN  WITH  SULPilUR. 

It  appears  probable  that  hydrogen  and  sulphur  may 
combine  in  various  proportions.  Only  two  compoundi, 
however,  have  been  sufficiently  distinguished,  to  be  worthy 
of  a  place  in  this  work.  One  of  these  is  a  definite  com- 
pound of  hydrogen  and  sulphur,  containing  an  atom  of 
each,  and  has  hitherto  been  called  sulphuretted  hydrogen, 
especially  by  the  British  chemists.  The  other  conlaiffl 
one  atom  of  Iiydrogen  with  a  plurality  of  atoms  of  8ul> 
phur,  which,  according  to  Thenard,  may  extend  to  the 
proportions  of  four,  six,  or  eight  atoms  to  one.  To  thli 
he  has  accordingly  given  the  name  of  polysulphuret  of 
hydrogen. 

Pursuant  to  the  nomenclature  of  Berzelius,  all  the  eleo- 
tro-negative  compounds  of  sulphur  are  calleii  sulphides, 
and  are  designated  by  attaching,  as  an  adjective,  their 
radical,  with  the  last  syllable  changed  into  iijiie  in  French, 
or  ic  in  English;  as,  for  instance,  sulphuretted  hydrogen 
is  called  by  him  in  French,  sulphide  hydritjue,  which  in 
English  is  rendered  by  ht/dric  sulpldde.  This  gas  has  by 
some  chemists,  especially  the  French,  been  called  hydro- 
sulphuric  acid,  by  analogy  with  hydrochloric  acid.  The 
term  hydrosiilphuric  is  objectionable  from  its  conveying 
the  idea  of  aqueous  sulphuric  acid;  hydro  being  used  to 
imply  tlie  presence  or  influence  of  water.  I  have  alreadj 
pointed  out  the  inconsistency  of  designating  some  acids 
by  giving  precedence  to  the  syllables  representing  their 
radical,  as  in  hydrochloric,  hydriodic;  while  in  others,  the 
syllable  indicative  of  their  electro-negative  ingredient  has 
the  precedence,  as  in  fluosilicic,  fluoboric,  chlorocarbonic, 
and  chlorocyanic.  If  sulphuretted  hydrogen  is  to  receive 
a  new  niime,  I  would  prefer  to  call  it  sulphydric  acid^  as 
already  suggested. 

Of  Sulphydric  Acid  or  Sulphnrctled  Hydrogen. 
Few  persons  are  unacquainted  with  the  unpleasant 
odour  which  results  from  the  washings  of  a  gun  barrel, 
made  foul  by  the  explosion  of  gunpowder,  or  that  pro- 
duced by  putrid  eggs.  This  oilour  arises  from  a  com- 
pound consisting  of  one  atom  of  hydrogen  and  one  atom 
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lur.  The  celehrated  sulphur  springs  of  Vii^inia 
bted  for  their  odour  and  mainly  for  their  efficacy 
ompound,  to  which  the  celebrated  Thenard  has 
e  name  of  sul^ydric  acid.  No  doubt  he  was  ac- 
y.the  same  viewg  as  myself,  when,  without  any 
ge  of  his  opinions,  I  published  my  impressions  oh 
ject  in  the  Journal  of  Pharmacy  for  October,  1833. 
Totum* — This  gas  is  copiously  evolved  by  the  re- 
f  diluted  sulphuric  acid  with  sul[diuret  o^  iron.  In 
.have  a  supply  of  it  at  command,  it  is  only  neces- 
substitute  this  last  mentioned  substance  for  sdu| 
elf-re^lating  apparatus  employed  for  hydrogev 
descnbed,  article  172. 

is  absorbed  by  water  and  gradually  decomposed 
ury,  Berzelius  recommends  that  it  should  be  ro- 
ver brine.  Its  purity  is  demonstrated  by  its  cmn* 
sorption  by  a  solution  of  caustic  potash,  and  by  its 
lermff  lime-water  milky. 

so  advises  that  the  gas  should  be  parsed  ihrouffh 
M  Otherwise  it  is  liable  to  be  contaminated  hr  iSe 
iig  materials.  When  the  acid  is  sufficiently  di- 
le  action  in  the  apparatus  above  referred  to  is  so 
that  I  am  confident  from  my  experience  that  the 
les  over  sufficiently  pure  for  ordinary  purposes. 


venient  Method  of  ImpregtuUing  Liquids  mih  Stdpki^dric 

Acid. 

Suppose  the  little  flask,  F,  tp  contain  the  liquid  to 
be  impregnated,  and  the  flexible  pipe,  one  end  of 
which  is  inserted  into  the  orifico  of  the  flask,  to  proceed 
from  a  self-rcgulating  reservoir  of  sulphydric  acid: 
it  must  be  evident  that  the  gas,  flowing  intqtiie  cavity 
of  the  flask  from  the  orifice  of  the  pipe,  mifft  enter  the 
solution.  If  not  absorbed  as  rapidly  as -it  may  be 
yielded,  the  excess  must  bubble  up  through 'the  solu- 
tion ;  the  cork  being  meanwhile  loosened  to  allow  the 
atmospheric  air  to  escape.  The  expulsion  of  the  at* 
mosphcric  air  having  been  completed,  and  the  ooik  in- 
serted into  the  neck  of  the  flask,  so  as  to  prev^it  the 
gas  from  escaping,  it  will  continue  to  enter  the  flasik 
^  as  fast  as  absorbed.  But  if  it  be  generated  in  the  re- 
servoir more  rapidly  than  the  solution  can  absoib  it, 
must  remain  in  the  reservoir,  and  contribute  to  depress  the  add 
the  bell  glass,  as  to  diminish  the  quantity  of  the  sulphuret  on 
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which  i[  can  iici.  Pindlly,  wlicii  the  solutioD  l)Cconics  sjiluraleil,  ilw  f 
gcDLTated  in  ihu  bell  inusi  fill  it,  and  lhu»>,  by  usurfiliig  iliu  \Asux  of  I 
ucid,  cauEC  ils  reaction  with  the  sulphuret  to  be  sus^icnilcd. 

Properties. — Sulphydric  acid  is  a  permanent  gas  will 
tbe  odour  of  rotten  eggs,  absorbable  by  water,  inflainii* 
bio  and  explosive,  forming,  by  combustion  with  air  a 
oxygen  gas,  water,  and  a  mixture  of  sulphurous  and 
phuric  acids.  Its  aqueous  solution  reddens  litmus.  Me- 
tals are  tarnished  by  it,  especially  preparations  of  Iead,fl( 
which  it  is  a  test,  and  by  which  it  may  be  detected.  It  if 
evolved  from  privies,  blackening  the  ceruse  or  carbooa* 
of  lead  in  paint.  It  may  be  decomposed  by  various  anb- 
stances,  having  some  affinity  for  one  or  both  of  its  consti- 
tuents, as  for  instance,  by  chlorine,  potassium,  BodiuiOi 
sulphurous  acid,  and  ignited  carbon;  also  by  succcssite 
electric  explosions. 

Sulphydric  acid  decomposes  all  metallic  solutions,  ei- 
ccpt  those  of  iron,  nickel,  cobaU,  manganese,  titanium, 
and  molybdenum,  in  consecjucnce  of  the  attraction  !«• 
tween  hydrogen  and  either  oxygen  or  chlorine,  and  be- 
tween the  metals  and  sulphur.  Metals  which  in  the  me- 
tallic state  yield  hydrogen  during  their  reaction  with  di- 
luted sulphuric  or  muriatic  acid,  nllbrd  sulphydric  acid, 
when  subjected  to  those  acids  in  the  state  of  a  sulphide 
or  sulphuret-  According  to  Berzelius,  some  sulphides  act 
as  acids,  others  as  bases,  and  unite  with  each  other  in  a 
maimer  analogous  to  that  in  which  the  oxacids  and  oxj- 
bases  combine.  The  resulting  compounds  lie  calls  BiJ- 
pho-salts.  Some  sulphides  arc  liable  to  be  reduced  by  ei- 
posuro  to  pure  hydrogen  in  a  way  analogous  to  that  in 
which  oxides  arc  decomposed  by  the  same  agent.  But 
the  number  of  sulphides  which  may  be  thus  decomposed 
is  much  smaller.  Atmospheric  air  is  said  to  be  rendered 
deleterious  to  life  by  the  addition  of  ^Mh  of  this  gas. 

At  the  temperature  of  50°  F.,  and  under  a  pressure  of 
17  atmospheres,  sulphydric  acid  becomes  a  colourless 
liquid  more  fluid  even  than  sulphuric  ether.  It  is  alleged 
that  a  single  cubic  inch  of  the  gas,  liberated  in  a  large 
chamber,  will  in  every  part  be  jiroductivc  of  its  charac- 
teristic unpleasant  odour.  A  current  of  the  gas  directed 
upon  the  tongue  causes  an  astringent,  acid,  and  bitter 
taste-  The  specific  gravity  of  sulphydric  acid  is  1.1782, 
that  of  atmospheric  air  being  1 .    It  is  slowly  decomposed 
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by  nitric  oxide,  and  by  sulphurous  acid  when  moist.  Ni- 
tric acid  reacts  with  it  explosively.  With  sulphurous  acid 
when  dry  it  does  not  react;  but,  water  being  present, 
condensation  ensues  with  a  dcj)osition  of  sulphur,  and,  ac- 
cording to  Thomson,  the  production  of  a  pecuhar  acid. 
At  the  temperature  of  50°  F.,  water  takes  up  three  times 
its  bulk  of  sulphydric  acid,  which  may  be  entirely  expelled 
by  a  boiling  heat.  The  aqueous  solution  reddens  litmus, 
and  becomes  turbid  after  some  time  by  exposure  to  the 
air,  with  the  oxygen  of  which  the  hydrogen  of  the  gas 
combines,  while  the  sulphur  precipitates.  It  has  already 
been  stated  that  water  impregnated  with  sulphydric  acid 
exists  in  many  natural  springs,  which  are  much  frequented 
by  invalids. 

The  celebrated  white  sulphur,  salt  sulphur,  and  red  sul- 
phur springs  of  Virginia,  are  of  this  nature.  They  ap- 
pear particularly  efficacious  as  remedies  for  bilious  dis- 
orders, and  in  cutaneous  diseases. 

The  red  sulphur  springs  are  thought  to  be  peculiarly 
Qsefol  in  some  pulmonary  complaints,  and  have  a .  sur- 
prising and  unaccountable  influence  in  lowering  the  fre- 
quency and  force  of  the  pulse. 

192.  Experimental  Illustrations. 

Method  of  extricating  sulphydric  acid  gas  by  means 
of  a  self-regulating  reservoir  exhibited;  also,  the  impreg- 
nation of  water  with  it.  Effects  of  its  aqueous  solution 
on  litmus,  and  on  various  metallic  solutions.  Characters 
written  with  dissolved  acetate  of  lead  are  blackened  by 
exposure  to  the  gas,  or  its  aqueous  solution.  Its  inflam- 
mation by  nitric  acid. 
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S^patkttic  Pietist. 


The  origiiul  of  tin*  fifvi 
wna  diBwn  of  a  pnnlie 
HJio  in  ocelnla  of  Irad,  idJ 
Hui  iDviuhle  nt  m  littla  d»  ' 
tones,  anlil  ajit  ofialphU' 
retted  hydropan  WuiliraEl- 
ed  upon  it.  TheiioB^tbM 
ap^arod  by  the  n&iing  of 
tlie  pipe  &Dm  which  th*  n 
Howeii,  u  if  it  wen  Ut 
wand  of  a  nu^cian. 

If  the  acetate  hu  hid 
time  to  become  dij,  the  si' 
periment  will  not  snccaad 
witfaoDt  restoring  a  due  de- 
gree of  maiiture.    Thiioli- 


ovci  Iha  back  of  the  Atri 
on  which  Iha  figure  ha 
been  drawn. 

Raliimalt.— The  acatili 
of  lead  coniista  of  aoelie 
tLcid  and  oxide  of  lead.  Tla 
oxygen  of  the  oxide  naitN 
with  the  hydrogen  of  Un 

Ss,  while  the  sulphur  ud 
id  torm  a  milplintet,  la 
which  Uw  blackncM  of  IIm 
picture  ia  due. 

Of  the  Poly  sulphide  of  Hydrogen. 
There  arc  various  compounds  formed  by  sulphur  with  mclais,  someor 
which  are  soluble ;  as  for  instance  ihc  com|X)und  formed  by  boiling  it  uith 
lime.  This  compound  lias  been  calli^l  a  persulphurel  of  calcium.  1  would 
call  it  a  pcniul|)hi<lu.  Scheolc  ascertained  (hat  on  pouring  into  a  diluted 
acid  a  persulphurel,  sueh  as  that  to  which  I  have  alluded,  an  oily  looking 
liquid  was  prccipilated,  which  subsequently  received  the  name  of  bisulphu- 
rclted  hydrogen.  Thenard  designatea  ihis  compound  as  the  poiysu/pAunl 
of  hydrogen,  on  account  of  tltc  great  and  variable  number  of  atoms  of 
Kulphur  which  enter  into  i(s  composition.  Moreover  he  alleges  that  il 
constitutes  a  compound  analogous  in  its  properties  to  the  dcutoxide  of  hy. 
drogen ;  being  like  that  mysterious  combination  decomposable  by  many 
subs(anec£  for  which  it  has  no  afhnity.     Even  the  presence  of  the  persul- 

E hide  employed  in  its  production  is  incompatible  with  its  cxistcace,  and 
ence  the  impossibility  of  forming  It  by  pouring  the  acid  into  the  soluIioD. 
Jn  that  case  an  excess  of  the  persulphidc  must  inevitably  be  present. 

He  alleges  that  the  polysulphurct  (poly sulphide)  is  always  liquid  at  or- 
dinary  temperatures.  Its  colour  is  yellow,  someliincrf  approaching  a 
greenish-brown.  It  whitens  the  tongue  when  applied  to  it,  as  is  the  case 
upon  making  a  similar  application  of  dcutoxiile  of  hydrogen.  The  some 
e[R«l  is  produced  upon  l!io  skin.  Litmus  paper  is  bleached  by  it,  more 
especially  when  it  is  diffused  in  muriatic  aci<I.  Sometimes  il  has  tite  con. 
■islency  of  an  essential  oil,  sometimes  of  a  fiit  oil,  according  to  the  propor. 
dn  of  its  constituents,  which  has  ala'ady  Ix^^n  stated  lo  be  variable.  lt> 
omiir  is  peculiar  and  dLiagreeiiblo,  esjieeially  ut  the  p.-rioil  when,  having 
been  roeently  formed,  the  supnrnQlant  liijiiid  is  decanted  from  it.  Then 
also  it  af&cta  the  eyes  painfully.     Sooner  or  later  it  is  resolved  into  ib 
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dements  spontaneously.  Charcoal,  platinum,  gold,  iridium,  and  many 
other  metals  in  the  pulverulent  fonn,  cause  the  evolution  of  the  hydrogiMi. 
Many  metallic  oxides  have  the  same  olFect,  some  so  actively  as  to  ciuim;  a 
hrisk  efiervescencc.  Tliese  results  also  ensue  from  contact  with  the  cKnit- 
ozide  or  bioxide  of  manganese,  from  magnesia,  from  silicn,  and  alM)ve  nil 
from  pulverized  baryta,  strontia,  lime,  iK>ta.sh,  and  soila.  From  somo  of 
the  facts  mentioned  by  Thcnard,  I  infer  that  this  subsUmce  may  ha  of 
great  service  in  blcacliing. 

COMPOUNDS  OF  HYDROGEN  WITH  SELENIUM  AND 

TELLURIUM. 

Qf  Selenkydric  Acid^  commonly  called  Sclenuretted  Hydrogen. 

Selenhydric  acid  is  supposed  to  consist  of  one  atom  of  sulphur,  and  one 
atom  of  hydrogen.  It  may  be  obtained  from  the  selenidc  of  potassium  or 
of  iron,  by  the  action  of  chlorohydric  acid.  It  is  a  colourless  gas,  alwtjrl)^ 
able  without  change  of  colour  by  water  which  has  been  boiled.  Writer 
thus  impregnated  has  an  hepatic  taste,  reddens  litmus  pai)or,  and  if  applii^l 
to  the  skin,  stains  It  a  brownish-red.  The  solution  exposed  to  tlio  air,  by 
the  oxidation  of  the  hydrogen,  becomes  gradually  turbid  from  th(!  surface 
downwards,  acquiring  a  reddish  hue,  and  do|)asiting  .s(;lrinium  in  light 
flocks.  All  metallic  salts,  even  those  of  iron  and  zinc,  whrin  thriy  an; 
neutral,  arc  precipitated  by  selenhydric  acid.  The  preei[)itntos  an;  gf!ne. 
rally  of  a  deep  black  colour,  yet  those  of  zinc,  mnngaiwwr;,  and  r'/;rium  an? 
flesh-coloured.  Hy  the  oxidizemcnt  of  the  hydrogen  in  selenhydric  nr-id, 
selenium  is  precipitated  of  a  cinnabar-red  colour  on  any  moint  IxMly.  This 
acid  exercises  upon  the  respiratory  organs  a  vioK-nt  aetion,  which  mi;rht 
easily  become  diiangerous.  It  produces  at  first  tlK;  rxlour  of  sulphydric 
acid,  but  soon  aAer  a  prickling  sensation  in  the  m'.'mbranes  of  the  mmtrils, 
which  resembles  tliat  creatc>d  by  fluosilicic  acid  gas,  but  is  more  Hfimulat- 
ing.  Subsequently  the  eyrrs  bf.'come  red,  and  tho  wmse  of  snH'll  is  para- 
lyzed. A  single  bubble  of  the  gas,  n.T''iverl  into  th'*  nos*;,  caused  such  a 
paralysis  of  the  olfactory  norvrai,  as  U)  craiU'  insrnisibility  evirn  to  the 
fumes  of  the  strongest  ammonia.  The  [Kmrr  of  dr:tfjcting  rxlouni  was  not 
recovered  betore  tin?  expiration  of  five  or  six  hours. 

Tlienard  mentions  that  B*:T7J:\\uSy  in  c<^/jv'^ij';nv;  of  inhalin;^  s';lrrrihy- 
dric  acid  gas,  was  attacker!  by  a  rough  ^t  srr\err;,  that  a  bliMfor  was 
deemed  nocessar\'.  The  quantity  inhalod  wn-*  so  minute  as  fo  jrivr  flK; 
impression,  that,  in  its  efFxts  upon  the  human  .sy:<(tr.'m,  thi»  gas  is  prr>emi. 
nentiy  pernicious. 

Cy  TeRuhyflric  Acid,  commonly  calUd  I'fJIvretU.d  ilydrof^t.n. 

When  an  alloy  '^  f  t/i lurium  wi'h  z!nc  or  *.n  :-  '-xf^/v-d  to  fli^i  xi/iiofi 
of  chloroh vd r c  ac id .  if: ! ! ' i h •.  ] :y:  a ':! :  i ■»  'r. o i •. 'yj .  I ♦  i -t  -i  'i,\t.\\t\«  •«  j/a ^ 
which  str-nsiy  z'r-s-iWt.'Ti  .s  *fp!»}'i:>  ur.'\  in  ^.ii/-..-  :>:,'I  .n  />  ':fi/  rr.»/;ij  and 
mrtrbaiiioaf  ;r  ;<r''--.     V.  m- ;:-.';-.  .'  '.'z.^,     ;'■/'■  -     *'  .•*'  .u  '**u)*t^  ;/fo- 

in  con'S^.q'y  rKv;  ■.•*•:•  -  x.  :  .■•  r.  o:'  vv;  :..'..•  :•■  ;.  •,'.-:  :.•"  ;.  "j*  oii  *»f  U^-. 
tr-l i uri u m.  I •.!•:■; "  ^ .  *,  v  •-;■', : ; . v>/-»J  '. i  *a/  a *'  '.:.  'A  u*  *'> ." </'  u  u tA  or i/-  of 
toiiuriuni. 
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SECTION,  n. 

OF  NITROGEN  OR  AZOTE. 

In  the  gaseous  state,  it  forms  nearly  four-fifths  of  the 
atmosphere  in  bulk.  Its  ponderable  base  is  a  principal 
element  in  animal  substances.  In  vegetables,  it  is  only 
occnionally  found.  It  was  called  azote,  from  the  Greek 
^mny  life,  and  «,  privative  of.  It  was  subsequently  named 
nitrogen,  azote  being  equally  applicable  to  other  gasea 
which  are  destructive  of  life. 

'  I  regret  that  Thenard,  instead  of  abandoning  the  use  of 
this  bad  word,  has  lately  endeavoured  to  give  it  a  further 
hold  on  nomenclature,  by  using  the  words  azotous  and 
azotic,  in  lieu  of  nitrous  and  nitric. 

Nitrogen  is  derived  from  the  same  Greek  verb  as  oxy- 
gen, combined  with  the  word  nitre  or  nitric.  Hence  ni- 
trogen signifies  a  capacity  to  produce  nitre  or  nitric  acid, 
as  oxygen  conveys  the  idea  of  a  capacity  to  produce 
acids. 

Preparation. — Nitrogen  may  be  procured  by  the  aid  of 
any  substance  which  will,  in  a  close  vessel,  abstract  oxy- 
gen from  the  included  portion  of  the  atmosphere;  as,  for 
instance,  by  the  combustion  of  phosphorus,  or  by  iron 
filings  and  sulphur  moistened.  This  gas  may  also  be  ob- 
tained by  heating  muscular  flesh  in  a  retort  with  nitric 
acid  very  much  diluted. 

When  obtained  by  means  of  phosphorus,  a  minute 
quantity  of  this  substance  remains  in  solution  in  the  ni- 
trogen; when  extricated  by  the  action  of  nitric  acid,  it 
contains  a  small  portion  of  carbonic  acid.  In  either  case 
it  may  be  purified  by  washing  it  with  an  alkaline  solution, 
or  with  lime-water. 

Another  method  of  obtaining  nitrogen  gas  is  to  pass 
chlorine  through  liquid  ammonia.  The  chlorine  unites 
with  the  hydrogen  of  the  ammonia,  while  the  nitrogen  is 
liberated.  Care  must  be  taken  to  have  the  ammonia  in 
excess,  otherwise  a  chloride  of  nitrogen  may  be  formed, 
which  is  capable  of  producing  the  most  violent  explo- 
sions. 

When  the  chlorite  of  lime  (bleaching  salt)  is  mingled 
with  muriate  of  ammonia  and  moistened,  nitrogen  is 
evolved. 
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'.ratntfor  obtaining  the  Nitrogen froni  Atmoxplwric  Air. 
itus  reprcsontod  in  llio  opposile  engraving  leaves  l!ic  nitrogen 
15  to  be  drawn  cotjily  from  [he  raolaifaing  veiuiE!!,  id  sucli 
J  at  such  limes  as  may  be  desirable.  In  its  giriiicipal  parU, 
Ter  from  the  gasometer  for  oxygen.  See  article  150.  It  Li 
a  pipe,  p,  concentric  with  tlio  axis  of  the  lower  vessel,  C, 
y  a  small  copper  cup.  The  pipe  io  question  descends  pcr- 
jrom  the  level  of  the  brim  of  the  vessel  to  the  bottom;  being 
a  hole  in  the  latter,  ao  that,  the  bore  being  (tccessiblc  from 
opper  cup  at  the  upper  end  may,  when  necessary,  be  touched 
of  a  red-hot  iron  rod,  introduced  through  the  pipe  as  already 
irticle  157. 

vessel  of  the  gasometer  consists  of  a  bell  glass,  B,  suspended 
isiog  over  a  wooden  gallows  with  suitable  pulleys.  The  bell 
led  neck  cemented  into  a  brass  cnj),  furnished  with  a  fenialo 
siving  a  cock.  To  this  cock  a  flexible  lead  pipe  is  attached 
screw.  Upon  the  copper  cup  a  sufficient  quantity  of  plws- 
placeil,  and  the  lower  vessel  adequately  supplied  with  water, 
is  suspended  within  the  lower  vessel,  as  is  usual  with  gasome- 
ived  to  descend  about  a  third  of  its  deplli.  Meanwhile,  the 
ibe  being  open,  the  air  is  allowed  to  escape,  so  that  the  liquid 
itbout  toe  bell  glass  may  be  on  a  level.  The  cock  being  in 
!  closed,  and  the  temperature  of  the  phoaphortis  sufHcieutly 
e  it  lake  fire  by  touching  the  cuji  with  the  extremity  of  qu 
piously  .reddened  in  the  fire,  a  brilliant  combustion  ensues. 
,  declines,  the  iron,  meanwhile  kept  in  the  fire,  should  Im; 
oed,  in  order  to  sustain  the  combustion  till  all  the  oxygen  is 

air  in  llie  bell  glass  is  completely  deoxidized,  which  may  be 
1  yellow  colour  of  the  fumes,  the  residual  nitrogen  muy  be 
any  recipient  tit  pleasure,  through  the  flexible  pipe  attached 
>r  that  pur|ioso,  by  depressing  the  bell  in  the  water. 

IDS.  MdUional  Mean)  fuT  obtairuttg  !ti- 

The  apparatus,  of  which  tho  imnexed 

figure  is  n  reprosonlalion,  may  bo  naed 

far  the  purposa  of  Blistracting  the  oiy- 

''   m  tho  air,  bj  moiiDS  of  pbtw- 

Tlie  procssB  ia  quite  annlogous  to 
tliat  alrendj  eiplained  For  tho  combus- 
tion of  phosphorus  in  oiygen  ;  cxcopt- 
iiig  that  tho  Ban  burcl  is  lUHpended 
from  tho  cop,  imtood  of  ontoring-  from 
below,  the  ailnnlion  of  tho  cup  for  hold- 
ing the  phospUoTUs  being  varied  >o  as 
to  accord  with  the  change.  The  blad- 
der, B,  atToTdn  mom  for  the  lequiajle 
eipsnsion.  The  funael  and  cock  at 
T  facililntes  the  introduction  of  miter 
to  ei|iel  the  nitrogen  aa  wanted;  nnd 
the  pipe  Ff  and  the  cock  assncintnl 
with  it,  serre  to  control  and  direct  the 
tronsfbr  oF  Uic  nitrogen  to  the  veaaeU 
in  which  ila  pTOsence  may  be  leqoirad. 
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Properties  of  Nitrogen  Gas.— As  a  gas,  it  is  distinguishec 
by  a  comparative  want  of  properties.  It  is  lighter  thai 
oxygen  gas,  or  atmospheric  air.  It  supports  neither  lift 
nor  combustion,  but  is  obviously  a  harmless  ingrediad 
in  the  air. 

The  affinity  of  nitrogen  for  caloric,  compared  with  tint 
which  it  displays  for  other  substances,  appears  to  be  pe* 
culiarly  great.  Hence  it  is  not  liable,  like  hydrogen  ot 
oxygen,  to  enter  into  combination  with  other  matter,  so 
as  to  part  with  the  caloric  to  which  it  owes  its  existence 
as  a  gas ;  and  when  under  any  circumstances  it  does  enter 
into  combination,  it  seems,  more  than  almost  any  othei 
substance,  to  carry  caloric  into  combination  with  it;  be- 
ing, consequently,  an  ingredient  in  a  majority  of  the  nKNt 
powerful  fulminating  compounds. 

Nitrogen  has  been  suspected  by  some  chemists  to  be 
a  compound,  but  is  generally  considered  as  an  element 
At  the  temperature  of  60°  F.,  100  cubic  inches  wei^ 
30.1650  grains.  Its  specific  gravity,  comparatively  wid 
air,  is  0.9727. 

196.  Experimental  Illustrations  of  the  Properties  of  Nitro' 

gen  Gas. 

A  portion  of  the  nitrogen,  obtained  as  above  described 
being  introduced  into  a  bottle,  extinguishes  a  candle  fiamc 
when  introduced  into  it ;  but  being  mixed  with  one-fourtl 
of  its  bulk  of  oxygen  gas,  the  effect  of  the  mixture  in  sup 
porting  flame  is  similar  to  that  of  atmospheric  air. 

MECHANICAL  COMPOUND  OF  NITROGEN  WITH  OXYGEN. 

()f  Atmospheric  Air. 

Atmospheric  air  is  a  mixture,  not  a  chemical  compouDd, 
of  oxygen  and  nitrogen  gas,  with  some  moisture  and  ca^ 
bonic  acid.  The  following  are  the  proportions  given  in 
Henry's  Chemistry. 

By  Measure.  Bj  Weight 

Nitrogen  gas 77.5 75.56 

Oxygen  gas 21 23.32 

Aqueous  vapour     -     -  -     -     1.42 1.03 

Carbonic  acid 0.08 0.10 

100.00  100.00 


NITROGEN.  219 

The  average  of  a  great  number  of  experiments,  made 
th  my  eudiometers,  makes  the  proportion  of  oxygen 
L66  in  100  of  air. 

In  addition  to  these  constituents,  it  is  alleged  that 
ere  is  a  little  chlorohydric  acid  in  the  atmosphere,  in 
toations  in  the  neighbourhood  of  the  sea ;  and  hence  it 
ises,  probably,  that  animals  far  mland  are  much  more 
nd  of  common  salt,  another  compound  of  chlorine,  than 
ose  in  regions  bordering  on  the  ocean. 
It  has  been  made  a  question  whether  the  nitrogen  and 
tygen  of  the  air  are  not  in  a  state  of  chemical  combi- 
ition.  I  am  of  opinion  that  no  other  cause  of  union 
jtween  them  exists  than  that  which  is  known  to  produce 
e  equable  diffusion  of  heterogeneous  gaseous  particles 
nong  each  other,  notwithstanding  the  difference  of  their 
lecific  gravities. 

In  its  qualities  atmospheric  air  does  not  differ  from  a 
izture.  Oxygen,  mingled  with  hydrogen  in  the  same 
"oportion  in  which  it  is  mingled  with  nitrogen  in  the 
r,  has  been  found  to  support  animal  life  nearly  as  well. 
The  mechanical  influence  of  the  atmosphere,  so  far  as 
appertains  to  chemistry,  has  been  sufficiently  illustrated. 
5e  pages  83  to  94.  1  have  also  treated  of  its  capacity  to 
3ld  moisture,  and  to  promote  and  produce  cold  by  eva- 
)ration.  Some  of  the  most  accurate  and  easy  methods 
"analysing  it,  will  be  mentioned  under  the  heads  of  nitric 
dde  and  phosphorus. 

Exidiometrical  Analysis  of  the  Atmosphere, 

While  on  the  subject  of  atmospheric  air,  the  cudiometrical  analysis  of 
becomes  necessarily  an  object  of  attention.  I  have  already  given  an 
graving  and  description  of  a  large  eudiometer,  which  1  have  designated 
a  volumescope.  By  means  of  that  instrument  it  was  demonstrated, 
it  when  the  elements  of  water  are  mixed  in  the  gaseous  state  and  ig- 
:ed,  they  will  always  combine  in  the  proportion  of  two  volumes  of  hy- 
Dgcn  to  one  volume  of  oxygen.  It  follows  that,  if  any  gaseous  mixture 
Qtaining  oxygen,  and  no  other  gas  capable  of  combining  with  hydrogen 
oxygen,  be  ignited  with  an  excess  of  hydrogen,  all  the  oxygen  will  bo 
odenscd  into  water,  and  may  be  estimated  as  equal  to  one-third  of  the 
suiting  deficit.  It  follows  also  that,  if,  to  a  gaseous  mixture  containing 
drc^n,  and  no  other  gas  with  which  hydrogen  or  oxygen  can  combine, 
excess  of  oxygen  be  added  and  the  mixture  ignited,  all  the  hydrogen 
11  be  condensed,  and  will  in  quantity  equal  two-thirds  of  the  deficit. 
)us,  if  five  volumes  of  atmospheric  air  and  three  of  hydrogen  be  intro- 
ced  into  the  volumescope  and  ignited,  the  eight  volumes  will  be  reduced 
rather  less  than  fise ;  of  course  a  little  more  than  three  volumeB  will 
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have  bceii  condensed,  of  which  oue-thlrd  is  oxygcQ.  In  five  volumcsli 
aimosphei-ic  air,  there  is,  therefore,  somewhat  more  than  one  volumi 
oxygen.  By  the  volumescopc  the  excess  cannot  be  accuraiciy  n 
but  by  other  iostruments  which  I  have  contrived,  great  accuracy  is  atD 
able.  Before  describing  these,  1  wiil  give  engravings  and  dcscriptiont 
some  implements  for  mensuring  gos,  which  must  facilitate  eudiontelri 
experiments,  and  which  are  also  very  iisefiil  in  other  pneumato-chem 
operations.  I  am  the  more  particular  in  describing  my  apparatus  in 
Compendium,  tiiat  I  may  not  be  under  the  necessity  of  taking  up  time 
ring  my  lectures  with  such  descriptions. 

197.  PiaUm  ViUrrt  Volumeter. 

I  have  contrived  ■omoinatruments  for  moaBoringgiifl  withgrroataeeoraey. 
Uinm  volumetois  to  avoid  clicuinlocutiDH.     They  aro  of  two  kinds;  one  is  Glled 
inlraducing  it  into  any  vessel  containing  the  gm  with  whieti  it  ia  to  be  ^IIeJ,  o 
water  or  mercury ;  tlio  ^as  is  introdncod  into  tJie  other  tbiougli  an  orifice,  ■ 
Uiunl  in  the  caae  of  filling  a  comtuon  lioltla  over  Uie  piionmatic  cistern 
lowing  figure  will  convey  a  correct  idea  of  ono  of  [hem,  wbicli  having  a 
a  valve,  I  call  the  piston  valve  volumetor. 

The  lever,  L,  is  attached  by  a  hinge  In  a  piBlon,p,  which  works  iniide  </( 
chamber,  C  The  rod  of  this  piston  extends  beyond  Uie  picking  through  the  in 
of  llie  bulb,  B,  to  the  orifice,  U,  in  ita'  apex,  where  it  stipputli  a  valve,  b<  ' 
thiB  orifice  is  kept  closo,  so  long  as  Ihe  prosailre  of  the  spring,  acting  on  tl 
L,  is  not  counteracted  by  the  hand  of  the  oporalor. 

Suppose  tliat,  while  the  bulb  of  this  instrument,  filled  wilii  water  or  n 
is  within  aboil  glass  containing  a  gas,  the  lever  be  pressed  (owards  the  handle;  I 
valve  conscqnontlv  le  dran  n  back,  ao  as  to  open  the  orifice  in  the  apex  of  the  bnl 
and  at  the  same  time  the  piston  descends  below  the  aperture,  A.  in  the  chambn 
The  liquid  in  the  bulb  will  now  i^cnmia 
escape,  and  bo  replaced  by  gas,  wbicbiH 
ureiy  included,  as  soon  aa  the  pre«nni| 
be  s]>ring  is  allowed  to  pnah  the  pi«i]i> 
licyond  the  lateral  aperture  in  llie  chun- 
lier,  and  the  valve  into  the  orifice,  O,  la 
Ihf  npBX  of  the  bulb. 

TIio  gas,  thus  Included,  may  be  tias*- 
ferred  to  any  veasfll,  inverted  over  mor- 
cury  or  water,  by  depressing  the  orifite 
of  the  bulb  below  thai  of  the  vesEel,  and 
moving  the  lever,  L,  to  as  lo  open  the 
Bjiorturo.  A,  in  the  cliauiber.  and  tlu 
orlRce  of  the  bulb  simultaneously. 

Tile  balk  of  oas,  included  by  this  i»- 
lumcter,  will  always  be  the  same  ]  but 
the  cjuantit^  will  bu  a>  the  density  of  tlie 
gas  into  which  it  may  be  introduced  when 
filled.  Hence  in  order  to  meaaore  a  gti 
accurately,  the  liqnid,  whether  vrater,  or 
mercury,  over  which  it  may  be  confined, 
should  be  of  the  seme  height  within  u 
without.  This  is  especially  importinl 
in  the  case  of  raercorj,  which,  being  in 
weight  to  water  as  13.G  lo  ] ,  oflecu  Urn 
density  of  a  gas  malerially;  even  when 
gel,  does  not  deviate  sensibly  Oom  the  level  of 
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les,  through  a  cock  in  the  neck  of  the  boll,  with  the  gas  within.  In  Uiis  gaajo 
any  light  liquid  will  answer,  which  is  not  absorbenl  of  the  gas.  In  the  case  of  am- 
monia, liquid  anunonia  may  be  used;  in  the  esse  of  muriatic  acid  gas,  the  liquid 
acid.  One  of  the  gauges  which  I  hove  nsod  will  be  described  in  the  Apgwndii,  b 
attached  to  Ihe  marounol  sliding  rod  oudiumctors.  The  other  is  siinply  an  inveruJ 
gloM  syplitm. 


J 
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106.  SimjiU  false  FoIumMer. 

Besidea  the  lower  orifioe,  O,  by  which  it  is  filled  witli 
gaa,  the  volumeteT  whicli  thii  figure  repraBCiits,  ha*  an 
□rifice  at  itn  apex.  A,  cliHif  d  tiy  a  vnlve  atluclicd  to  a  ic- 
vor.  Thia  lever  is  subjected  tii  a  Kpring,  sq  us  to  receive 
the  prOBsure  requisite  to  keep  the  upper  otiflco  shut,  when 
no  eSbrt  is  macle  to  open  it. 

When  this  volumeter  ia  plunged  below  iJio  Burface  of 
the  water  in  b  pneuinatic  cistern,  the  air  being  allowed 
to  eacBpe,  and  the  valve  llien  to  shut  ileelf  uudcr  tiie 


below  the  aurfiLCo  of  the  water  in  the  cistern.  Thus 
Htuntod,  it  ma;  bo  filled  with  hydrogan,  nroceadiug  by 
a  tulio  from  a  sotf- regulating  reservoir.  If  the  apex,  A, 
bo  then  placed  under  any  vessel,  filled  with  water  and  ia- 
varled  in  the  usual  way,  the  gas  will  pass  into  it  as  soon 
as  tho  valve  is  lillad. 

Volumes  of  atmospheric  air  aro  taken  by  the  some  in- 
slnment,  simply  by  lowering  it  into  the  water  of  tha 
ciatam,  placing  the  apex  under  tho  veisel  into  which  it  is 
to  be  transferred,  and  lifting  the  valve:  or  preferably  by 
eiling  il  witli  water,  and  emptyin';  it  in  aome  place  out  of 
douni,  where  the  atmosphere  may  bo  suppiMcd  luHiGiently 
pure,  and  afterwarcls  transferring  die  air,  thus  obtained, 
by  opening  the  valve,  while  the  apex  is  within  the  ves- 
sel in  which  its  presence  is  required.  In  tliia  cue,  while 
carrying  the  volumeisr  forth  and  back,  the  lower  oritico 
must  be  closed.  This  object  is  best  effected  by  a  pioco  uf 
sheet  motal,  or  a  pane  ofglass. 
lo  water,  the  atmosphere,  and  Ihe  gases  should  bo  at  tho 
me  temperature  itanng  the  process, 

IJKI,   rolta'a  Eudiomtia: 

The  endiometer,  rapreicntBd  by  this  figure  (see  next  page),  was  contrived  by 
Volta,  for  the  analysis  of  gosHooa  miiLuros  and  compounds  containin|r  oxygen  or 
hydrogen. 

The  body  of  this  instrument,  A,  is  a  eyiinitor  of  elass,  which  is  cemented  below 
into  a  brass  socket,  nnilod  by  a  screw  with  the  cocH.  B.  This  cock  screws  into  a 
bollow  brass  pedestal,  C,  with  the  cavity  in  which  tho  boro  of  the  cock  communi- 
cates. The  gloss  cylinder  is  also  cemented  into  a  cap,  D,  which  is  surmounted  by 
a  cock,  E,  supporting  tha  basin,  F,  The  cavity  of  the  basin  communicatos,  through 
Ihe  bore  of  the  cock  when  open,  with  that  of  the  cylinder.  Into  the  perforation  in 
tlM  bottom  of  the  basin,  the  scaled  tube,  G,  graduated  into  QOO  parts,  fastens  by  a 
■orew  cot  upon  a  socket,  into  which  the  tube  is  cemented.  On  one  side  of  the  cy- 
linder, there  is  a  metallic  scale,  A,  each  division  of  which  indicates  a  section  of  the 
bore  of  the  cylinder  equivalent  to  ten  degrees  on  tho  tube.  I,  is  an  insulated  wire 
thr  paBung  the  electric  spark  through  any  oiplosivo  mixture  which  may  bo  intro- 
duced into  the  cylinder.  A,  is  a  moasuro  which  holds  as  much  gas  as,  when  admit- 
ted into  tha  cvUnder,  would  be  equal  lo  ten  divisions  of  tho  metallic  scale,  or  to 
100  degreea,  if  allowed  lo  rise  into  the  lube.  This  measure  is  furnished  with  a 
■lide,  ia  which  a  hole  is  represented  at  /.  The  measure  is  open  when  tliis  bole  is 
wiUiin  it;  itis  closed  when  tlie  hole  is      '     '  .    •    -i 

'-         !ha 

!,  will  be  equal  to  thai  token  at  anolbor. 
Id  order  to  put  this  eudiometer  into  operatioa,  open  both  the  cocks,  and  depress 
il  in  the  water  of  the  cistoni,  until  tho  water  risos  into  the  cylioder  just  above  tlie 
lower  cock.  This  cock  is  then  to  be  closed,  and  the  pedestal  placed  on  Iho  sliatf 
of  the  ewtam.  Water  is  to  be  poured  into  the  basin,  until  botli  Ihe  basin  and  oy. 
Uadnr  ate  foil.  The  glass  tube,  G,  is  ihen  to  bo  filled  with  waier  and  invortadi 
md  the  orifice,  meanwhile  closed  with  ihe  finger,  is  to  be  depresnjd  Lolnw  llio  aur- 
&e««f  Uw  water  in  tho  basin,  without  admitting  air.  The  lubo  Is  Then  screwed 
inloitt|ili4io,soasto  occupy  the  posilion  ia  which  it  appears  in  tha  li{ur«. 
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TIio  uppar  each  being  eloacd,  lot  the  msuui^ 
k.  hn  plunj^d  in  iho  water  of  tho  ciitcro,  tlu  <d> 
licD  njien  lf.r  the  nir  to  e»capo.  Then  inTCil  1^ 
the  nriliee  being  kept  undei  tha  surfiuB  of  lb~ 
wntar.  Next  fill  It  with  tlie  miliars  to  be  ua 
1yzed.ni  Tar  inatnnce  a  mixlurti  ofoquaj  TcduiMi 
of  hvdroffen  iiiil  ntniosiiljeric  air.  Shut  ths  ori' 
lice  bj  moving;  tho  slide,  allow  any  ezccn  oTut 
lo  eiciipe,  sud  then,  placing  the  orifice  of  lilt 
moaaure  under  the  pedeilol  of  the  eudiotoBler, 
open  the  oriHce:  the  gaaeous  miiture  will  moual 
into  the  cnvily  of  tho  cylinder.  Shut  the  luwer 
cock,  luid  posa  an  electric  spark  through  (beta 
eluded  miiture.  An  explorion  will  ensue,  ini 
consequently  s  portion  of  [lie  mJiIuiD  will  be  con 
denwJ  into  water.  By  opening  tho  cock,  B,  the 
doHctl,  thus  produced,  will  be  cornpeiuated  b; 
tlie  oatrnnce  of  an  equivalent  hulk  of  witor. 
Open  the  upper  cock,  and  allow  (he  renduil  gu 
to  mount  into  tho  graduated  tube,  Delach  \tat 
lube  from  the  oudionieler,  and  closinj  tho  otifieo 
with  the  finger  under  water,  before  lining  it  frani 
the  basiD,  sink  it  in  water,  nntil  thia  liquid  be 
high  without  as  within  the  tube.  It  iokj  tt 
be  seen  bow  far  the  rosidud  air  fall*  •bort  of  the 
100  measures  iolroduced. 

It  must  be  evident  that  wo  might  opera 
double  the  qunntily  of  gas,  by  taking  the 
sure  full  of  it  twice  instead  of  onoe ;  and  tuai  a 
tnixluro  of  two  volumes  of  air  and  one  volume  of 
hydrogen  might  bo  analyzed,  by  taking  throe  mct- 
Bures  equivalent  to  300  parts.  The  losa  by  the 
explosion  would  be  the  number  of  dogreei  that 
the  residue  wonld  fall  short  of  300,  when  in  Uie 
graduated  lube. 

A  mixture  of  three  volumes  of  hydrocen  with 
one  of  impure  oxygon  mialit  bo  analyied  by  lak- 

athe  measure  twice  fillT,  which  is  the  aaoM  at 
parts.     In  thia  case,  one-third  of  the  deficit 
would  be  the  quantity  of  pure  oxygen  in  Jtfa  at 
200,  or  50  pnrU,  of  the  impate  gat. 
The  metallic  scale  accompanying  the  cylinder 
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Account  of  iomt  Eiidiomcteri  of  an  Improved  Caiutniction. 

In  Ihe  tocond  volume  of  the  American  Joumnl  of  Scieneo,  I  published  i 
count  of  some  eudiomelert,  oporatin?  by  a  mechanitm  which  previously  hi 
been  employed  in  oudiometry.  A  eraduated  rod,  eliding  into  a  tube  tliroueh 
'--'■■  — ■-rs  soaked  in  hrd,t'      "        —-.>-- - ' '■?-' 


iproated  by  a  screw  eo  as  tn  1>o  perfectly  ti 

,     ^  ,  __ity  ol'  the  lube,  and  at  llie  same  lime  to  be 

of  tho  quantity  of  air,  or  of  any  other  g-at,  conaequenlly  d 


light,  was  employed  to  vary  the  capacity  ol'  the  lube,  and  at  111 

measure  of  tho  quantity  of  air,  or  of  any  other  g-at, 

[«lled.    About  one-third  of  the  lube  was  occnpiott  by  Ihe  slidingrod.    The 


der,  being  recurved,  and  converging 
nient  for  withdrawing  measured  porti 
or  mercury. 

There  wore  two  forms  of  Ihe  sliding  rod  eudiometer:  oi 
with  nitric  oxide,  or  with  liquids  absorbing  oxygen ;  the  oth 
turea.    Tlio  latter  differed  from  the  cudiometorH  for  exploa: 
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exploding  the  gasea,  u  well  aa  hi  tho  niixln  of 
_  tlieni;  a,  wiro,  ignited  b)'  golviuuiiiu,  being  BubBlilutml  fur  Ibo  olacliic 
■pAtk,  oa  the  ineuu  ufiallaiiiiiuitiDa. 

I  ^bmil  proceed  ta  deiuribe  a  eudiomeler.  far  eiplosive  miilureB,  conBlructctl  ou 
the  prinoiple  of  tiioee  kbove  alluded  to,  wiltt  name  iuiproveiiienU  nuggGBted  by  oi- 
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This  cut  reprciicnts  a  hydro-oTyaoa  eudiomeler,  in  whirli  llm  mcaAiirouJOiils  nre 
made  by  a  stiding  rod,  tnd  the  oijiTaaions  ore  eSccled  bj  the  galnDic  ignition  of  ii 
pbtinom  wire. 

In  the  inBtmincut  Toprasenled  by  tbe  preceding  cat,  the  igoiling  niio  ia  soldered 
■nio  the  summila  of  the  two  bmw  wires,  W  W,  which  pnsa  Uiraugh  iJie  botloio  of 
the  •ocket  8,  parallel  to  tbe  axia  of  the  gloaa  recipient,  G,  within  which  they  >Ta 
■MD.  One  of  the  wiioa  ia  aoldered  to  tbeaocket.  The  other  'a  ftaloned  by  meuia 
of  a  eollnr  of  lealbera,  packed  by  a  acrew,  ao  that  it  JiOJ  no  metallic  cammunieatiaii 
with  the  other  wire,  oicopl  thmuih  the  fitameDl  of  platinum,  by  whioli  thoy  »ro 
ritibly  ronnccted  above,  and  wliich  I  havo  already  collod  the  igniting  wire.  The 
gloas  has  a  capillary  urifico  at  Ilio  apex,  A.  whiuh  IB  closed  by  mean*  of  a  lever  and 
■priog  (apporeQl  in  (lie  drawing),  excepting  when  the  preasuro  of  tha  apring  i> 
CDUDtcracted  by  the  thumb  of  the  operator.  The  aUding  rod,  R,  ia  accurately  gra- 
duated lo  about  100  degreea. 

B,  repreients  a  glaaa  with  wirea  inaeited  through  amaJI  tubulurea,  in  the  uaual 
mode  for  posnug  Uie  electric  spark;  aliooid  Ibii  method  of  producing  ignition  be 
deemed  desirable,  for  tbe  sake  of  varying  the  eiperinieDt,  or  for  llic  jmrpoee  of 
illualralioD.  This  elaaa,  the  other  being  reniovad,  may  be  faaUnod  into  the  iwuie 
place.  The  wirea.lV,  W.  remain,  but  ahould  be  of  >uch  a  height  u  not  U>  inter- 
fere with  the  paaaogs  of  llie  ulectric  ipark.  Tbe  initnimenl  ii  oueralcd  willi  u 
niuo],  excepting  tlic  employment  of  an  electrical  machine,  or  eleclniphoru*,  lo 
ignite  the  gascoua  mixture.  For  the  travelling  chemiat,  the  lait  nioiili'ined  mode 
of  ignition  may  be  preferable;  because  an  BleElropborua  ia  more  porubto  Ihaii  3 
galvanic  apparalui. 

In  damp  weather,  or  in  a  laboratory  where  there  ia  a  pneumatic  ciilcm,  or  atnid 
the  uioiaturo  ariiing  from  tbe  reapiratiou  of  a  large  clan,  it  ia  oflen  itnpoaaiblo  lo 
ucompliah  explosiuna  by  olectricily. 

I  have  found  it  eijiedient  to  tocure  the  valve  which  cloeea  the  apetlure  in  thn 
apex  of  Ibe  inatruinent  from  the  pouibilily  of  Icakago  during  oiploaifnu.  by  muana 
«^  ironataple  wilhai)crow,rcpicBentcd  in  theculuntlicucit  |>*gv.  Tina  futonji 
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'    '  ■       a  uDon  tliesa  nivola.  and  may  be  br<iu„ ,. 

r  UiB  v»lve,  («•)■  lie 
maae  lo  ugnien  ii ;  or  (no  slaple  may  bo  made  to  hang  down,  •>)  M 
not  lu  be  in  t!ip  way,  whon  the  inatrumont  ia  to  be  chaigei. 

In  ordiir  to  aae  tlio  eudiomoter,  it  must  bo  full  of  irnter,  freofrom 
ui-bubblsa,  uid  proriouBly  provud  ur-^lit;*  the  rod  being  inln- 
duced  tu  its  hilt,  uid  the  cnpillarj  orilics  open,  in  coniBquence  of 
a  due  degree  of  pressure  on  Uie  lever,  by  which  it  ii  uaualiy  cloud. 
Being  thus  prepared,  to  ascertain  the  proportion  of  oxygen  in  the 
air,  draw  the  rod  out  of  the  Inbe  till  lUO  graduRtions  are  visible.  A 
bulk  of  air,  eciuivnlent  to  the  portion  of  the  rod  thiu  withdrawn, 
will  of  ceuree  enter  at  the  capillary  oponinel  aftor  which  the  lover  must  be  aJlowti 
to  close  it.  Introduce  the  roceivor  into  a  beii  glaaa  of  hydrogen,  and,  openingUis 
orifice,  draw  out  the  rod  50  additional  graduations,  or  more ;  Ihon  close  the  onfico, 
and  withdraw  the  inalrument  from  the  water.  Apply  tlie  projecting,  wires,  W  W, 
severalty  to  the  melaltic  cups,  cominnnicaling  with  the  poles  of  tliecalorimolor  rt- 
preaented  belowl ;  then  move  the  handle  so  aa  to  cause  the  receptacle  holding  the 


*  To  prepare  the  mstrumont  and  prove  it  to  be  in  order,  depreaa  the  glass  receirei 
below  the  aarCoae  of  the  water  in  llie  pneumatic  cialern,  the  capillary  orifice  being 
uppermoit  and  open ;  draw  the  rod  out  of  its  tube  and  return  it  alternately,  to  that, 
Bl  each  stroke,  a  portion  of  water  may  pof^s  in,  and  a  portion  of  aii  may  pass  out 
During  this  operation,  tlie  instrument  should  be  occasionally  held  in  such  a  poa- 
tore,  as  that  all  the  air  may  riao  into  the  glass  recipient,  without  which  its  expnl- 
■ion  by  the  action  of  the  rod  is  impracticable.  Now  close  the  orifice  at  the  apel, 
A,  and  draw  out  a  few  inches  of  the  rod,  in  order  to  see  whother  any  air  con  entar 
at  the  juncturos,  or  pans  botweeti  the  collar  of  leathera  and  the  alidingrod.  If  (bs 
instrument  be  quito  air-tighl,  the  bubbles,  extricated  in  consequence  of  tlie  vocuDia 
produced  by  withdrawing  the  rod,  will  disappear  whon  it  is  rcatorod  to  its  plans. 

i  The  following  figure  represents  a  calorimolor,  containing  two  galvanic  pain, 
each  aonsisling  ol  two  plates  of  zinc  and  three  of  copper,  sovemlly  eight  iochea  by 
nine.  Tho  airangemonl  may  bo  understood  liom  the  description  ajid  cngniviBg, 
pages  llKi,  197.  It  difi'cm  from  that  apparatus  only  in  aiie,  and  in  tho  number  of  U< 
pairs.  The  mechaniam  is  similar.  Into  two  cavities  ot  cups,  in  two  nuuws  of  aofl 
■older  which  conatitulo  tho  pnloa  of  tho  inalrument,  tho  wirea,  W,  W.  of  llie  eudio- 
meter are  forcibly  proascd  by  one  hand  of  the  operator,  while  by  the  other  the  acM 
is  uiado  lo  act  upon  the  plates  through  the  inatrumeiitalily  of  the  lever.  InalsntV 
neoualy  on  the  ignition  taking  place,  the  circuit  should  be  intenupted  by  Ufiiiig  Um 
oudiomoter;  as  olhorwtse  tlio  wire  might  be  fused. 


■ 
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Sliding  Rod  Got  Meamre. 
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B  rise  about  Uie  pla[«.  By  iho  conBequonl  ignition  of  Ihe  wlra,  the  gas  will 
ie.  Tba  inslminDal  boiog  plnngod  ngnjn  inin  tiio  WRlor  of  the  pneumatic 
n,  to  that  the  cBpillnry  oriticc,  duly  npcneil,  may  bo  just  bolnw  tlio  surface, 
■tor  Trill  enter  ann  fill  up  the  vacuity  cauaed  liy  the  condecsalion  of  the  gues. 
esiduol  nir  bein^  oicludod  by  the  cod,  the  portion  of  the  rod  remnining  with- 
le  tuba,  will  be  in  liulk  equirnlonl  to  the  deficit,  which  may  consequontlj  bo 
ained  by  ingpoctiug  tho  graduation.     I  have  performed  this  eiperimcnt  in 

njgen  is  to  be  eiaminod  by  hydrogen,  or  hydrogen  by  oiygon,  wc  must  of 
e  have  a  portion  of  each  in  vesBeU  oyer  tho  pneumatic  cislora,  and  suocea- 
'  take  llie  requiaito  quonutiea  of  them,  and  proceed  as.  in  the  case  of  utmoa- 

othor  and  perhaps  more  accurate  modo  of  operating  with  this  iaslrumenl  ia, 
sans  of  one  of  tho  volumeters  atiovo  described,  to  mi3ie  n  mixture  of  the  difier- 
uoa,  in  duo  proportion,  in  a  bell  gtoaa.  Thus,  lot  two  moasuicB  of  almotphe- 
r  bo  added  to  one  of  hydrogen;  then  on  taking  one  hundred  and  fifty  niea- 
of  the  miltuTC  into  tho  eudiometer,  there  will  be  the  same  qunnljty  of  each 
a  if  50  meunres  of  hrdrogen  and  100  of  air  had  been  taken,  osaUoro  described, 
quantity  of  puro  oxygen  in  the  gaa  from  nitre  or  mungo- 
ure  of  it  mivht  be  added  to  three  of  hydrogen.  Tlien  of  -3)0  men- 
iiture,  which  might  bo  taken  into  the  eudiometer,  30  would  cen- 
to bo  BBsnyed,  and  150  of  hydrogen;  nnd  ono-lliird  of  Iho  deficit, 
eiplr----    —  '^  •--  ■' -•- =-  '•-  -="  — 

hydrogen  were  „     ,    .      .  „ 

luted  sulphuric  acid  with  zinc,  as  in  oiperiment  173,  it  would  be  proper  to 

equal  parts  of  the  hydrogen  and  oxygen ;  as  the  gaa  which  ia  not  to  be  analyied 

always  be  in  eicesa.  Taking  then  'M>  measures  into  tho  eudiometer,  two- 
9  of  the  deficit,  caused  by  tho  eiDlosian,  would  bo  the  pure  hydro^n  in  100 
uioB  of  the  gas  under  analynis.  'The  required  miituiOB  may  bo  made  with 

Acility  and  accuracy,  by  either  of  the  volumeters,  dcacribed  pages  220,  221 . 

SOI.  Slidiilg  Rod  Gas  Mrasiire. 
le  coostmction  of  this  Lnstniment,  reprosenlod  by  tho  oppoaito  engraring,  differs 
that  of  the  sliding  rod  eudiometers,  in  having  a  valvo  wliich  is  opened  and 
by  a  spring  and  lover,  acting  upon  n  rod  passing  tlirough  a  collar  of  leathers. 
leans  of  tliiu  valve,  any  gns  drawn  into  tlio  ruceiver,  is  included  so  as  to  be 
from  the  ponibilily  of  losd,  during  its  transfer  from  one  voHsel  to  another. 
instrument  is  much  largfir  than  tlie  slidiug  rod  eudiometers  for  explosive 
uns;  being  intended  to  inoke  miitures  of  gas,  jn  those  casos  where  one  is  to 
>  the  other,  in  a  proportion  which  cannot  be  convoniootly  obtained  by  taking 
:  or  lees  volumes  of  the  one  than  oftlie  other,  b^   "  "  "'        '  ''"" 


i 


ippose  il  were  an  object  to  aDalyze  tho  air  according  to  Dr.  Tlionuon's 
ing  4*2  per  cent,  of  liydrogen.  Tho  only  way  of  mixing  the  gases  by  ■ 
in  Buch  a  ratio,  would  be  to  toko  the  full  of  tho  volumetor  SI  times  of 


^      ,  uid  .50  limes  of  atmospheric  air.     By  thi        _  „  „ 

object  is  effected  at  once,  by  taking  42  measuroB  of  the  one,  and  11X1  measures 
le  otfaev. 

HEMICAL  COMPOUNDS  OF  NITROGEN  WITH  OXYGEn'. 
These  compounds  are  five  in  number,  vilrous  and  nitric 
de,  and  hifponilroHs,  nitrous,  and  nitric  acid.    Tiieir  com- 
iition  is  given  in  the  following  tabic: — 

'ol.  qr  I  (  i  vol.  or  1  atom  oxygen,  1  vol.  nitrous  oxide, 
imofni- I  1    „   or  2  atoms      „        2  vols,  nitric  oxide. 

hyponitrous  acid. 

I  vol.  nitrous  acid. 

nitric  acid. 


Ul  y-^i  1^  or  0     „  ,y        nunc  acia.  i 
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Of  Protoxide  of  Nitrogen^  or  Nitrous  Oxide. 

This  compound  docs  not  exist  in  nature.  When  arti- 
ficially obtained  it  is  gaseous;  yet  the  experiments  of  Mr. 
Faraday  have  taught  ua  that  under  great  pressure,  it  may 
be  converted  into  a  liquid. 

Preparation. — Nitrous  oxide  may  be  obtained  by  the 
action  of  dilute  nitric  acid  upon  zinc,  or  by  exposing  ni- 
tric oxide  gas  to  iron  filings,  sulphites,  or  other  substance* 
attractive  of  oxygen.  It  is  best  procured  by  subjectii^ 
nitrate  of  ammonia  to  heat,  and  receiving  the  product  ul 
an  apparatus  described  in  the  following  article.  As  pun 
water  absorbs  this  gas,  Berzeliua  receives  it  over  satui 
rated  solutions  of  common  salt. 

9>3.  JjpparatusfoT  et!Oii?ing  and  tallccling  Jfitrow  Oride. 

This  uppnrDtuii  is  rc^rcacateil  by  llic  oppusilD  ctigraTin^.     A,  is  a  copper  veBA 

of  about  Di^hteen  inches  ia  hoigbt.  and  nino  Inulics  in  dmmoler,  whjc^h  ia  rep»j 

■BDtad  as  being  divided  lougiludiimlly,  iu  order  tn  show  the  iniide.     The  pipe,  F 

proceeds  from  it  obliquolj,  ai  nearly  from  the  bolluni  as  poasiblo. 

Aboie  thut  part  of  the  cylinder  from  which  the  )ijpe  proceeda,  there  ti  a  o 
phragpi  of  copper,  perforiled  like  a  i^ulooder.  A  bell  glaas  ia  surmounted  bj 
brass  cock,  C,  auppurtiug  a  tube  nod  hollow  boll,  froin  which  proceed  on  oppoMk 
eirlea,  two  pinea,  termlnBtiug  in  gallowi  screws,  D  D,  for  the  att&chment  of  [ 
fornted  brass  knobs,  soldered  to  fleiihle  leaden  |Hpcs,  E  E,  caminanicitine  seven 
with  leathern  bags,  F  F.  The  Isruer  hag  is  capable  of  holdine  about  fifiy  galk 
the  smnllor  one,  about  Bileen  eallaos. 

The  beak  of  the  retort  oiuBt  be  long  GDough  to  onlcr  the  cylinder,  so  that  the  « 
in  passing  from  the  mouth  of  the  beak,  mny  rise  unilor  and  he  caught  by  the  di» 
phragm.  This  is  so  hollowed  as  to  cause  the  ens  to  pasa  through  t£e  perforatioM 
already  mentioned,  which  are  all  comprised  wiUiin  a  circle  less  in  diametet  Ibiq 
the  bell  gloss.  The  gu  is,  by  these  means,  made  to  enter  the  bell  glaaa,  and  i^ 
previuusTy  to  its  entrance,  sumcientty  in  contact  with  water,  to  bo  purified  from  Ut 
tcid  vapour  which  usually  accompanies  it.  On  acconntof  this  vapour,  the  cmpln- 
nent  of  a  small  quantity  of  water,  to  wash  the  gns,  is  absolutely  necDsaary;  mitt 

the  same  reason,  it  is  requisite  to  have  the  beak  of  the  retort  so  long,  as  to  ci 

ths  ens  into  the  water  without  touching  the  metal;  otherwise  the  acid  vi 
wnutd  soon  corrode  the  copper  of  the  pipe,  B,  so  as  to  enable  the  gas  la  ei 
But  white  a  small  quantity  of  water  is  eeccssary,  a  large  quantity  is  product 
waste,  as  it  absorbs  its  own  bulk  of  the  gas.  On  Ihia  account  I  contrived  the 
ratus  here  described,  in  preference  to  using  gasometers  or  air  holders,  which  It 
quire  larger  quanlilies  of  water. 

(The  seama  of  the  bags  are  closed  by  means  of  rivets,  oj^rocably  to  the  pUAi 
Meaars.  Sellers  and  Pcnnock  for  lire  hose.  The  furnace,  I,  is  so  contrived,  teattl. 
coals,  being  situated  in  a  drawer,  G,  may  be  parlially  or  wholly  removed  in  ai  il 
slant.  Hence  the  nperalor  is  enabled,  williout  difficult,  to  regulate  the  dutaf' 
and  degree  of  the  heat.  This  control  over  Iho  fire  is  especially  desirable  in  deo 
posing  tlie  nitrate  of  ammonia,  as  the  action  otherwise  might  suddenly  becom 
violent  as  to  bunt  the  retort.  The  iron  neUJng,  ropresentod  at  N,  is  aospei 
within  the  furnace,  ao  as  to  support  the  glass  rotort,  for  which  purpose  it  is  pi 
liarlj  aiioptod.  The  first  portions  of  gas  which  pass  over,  consisting  of  liie  air 
viously  in  the  retort,  are  allowed  to  escape  through  the  coek,  H,  As  soon  u 
nitrous  oxide  is  evolved,  it  may  bo  detected  by  allowing  a  jet  fi'om  this  oock  be 
upon  the  flame  of  a  taper. 

To  obtain  good  nitrous  oxide  gas,  it  is  uot  neceisary  that  the  nilnte  of  amm 
should  be  cryslalliied;  nor  does  the  presence  of  a  minute  quantity  of  muiialica* 
interfere  with  the  result.  I  have  employed  advanlageoiialy,  in  the  nroductioM 
this  gas,  the  concrete  mass  formed  by  satoinling  strong  nitric  add  .with  ciutMM 
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Vhe  Mturation  may  be  effected  in  a  retort,  and  the  decomposition  aooompliihed 
exposing  the  compound  thus  formed  to  heat,  without  farther  preparation. 

Kaiionale  of  the  ProceM.-^Nitrate  of  ammonia  consists  of  nitric  acid 
,d  ammonia;  nitric  acid,  of  ^\e  atoms  of  oxygen  and  one  of  nitrogen ; 
id  ammonia,  of  one  atom  of  nitrogen  and  three  atoms  of  hydrogen.  In 
le  atom  of  this  salt,  five  atoms  of  oxygen,  three  of  hydrogen,  and  two  of 
trogen  are,  therefore,  present.  It  must  be  evident  that  if,  in  consequence 
the  heat,  each  atom  of  hydrogen  takes  one  of  oxygen,  there  will  be  but 
16  atom  of  oxygen  led  for  each  atom  of  nitrogen.  Hence,  the  whole  of 
e  salt  is  resolved  into  water,  and  protoxide  of  nitrogen  or  nitrous  oxide. 

Properties  of  Nitrous  Oxide. — It  is  a  permanent  gas. 

00  cubic  inches  weigh  47.25  grains.  It  supports  the 
Dmbustion  of  a  candle  flame  yividly;  though  nitric  oxide 
as,  containing  twice  as  much  oxygen,  does  not.  Phos- 
[lorus  is  difficult  to  inflame  in  it,  but  bums  with  rapidity 
hen  once  on  fire.  The  habitudes  of  sulphur  are  in  this 
jspect  analogous  to  jthose  of  phosphorus.  An  iron  wire 
ims  in  it  nearly  as  well  as  in  oxygen  gas.  Most  of  the 
)mbu6tible  bodies  burn  in  nitrous  oxide.  When  ignited 
ith  hydrogen,  an  explosive  reaction  ensues,  and  water 
id  nitrogen  result.  It  has  no  attribute  of  acidity.  When 
spired  it  stimulates  and  then  destroys  life.    Its  effects 

1  the  human  system,  when  breathed,  are  analogous  to 
transient,  peculiar,  various,  and  generally  very  viva- 

ous  ebriety.  It  is  much  more  rapidly  and  extensively 
>luble  in  water  than  oxygen. 

Romberg's  pyrophorus,  or  that  which  I  have  contrived 
>  obtain  from  Prussian  blue,  takes  fire  on  falling  through 
16  gas. 

Mr.  Faraday  has  shown  that  nitrous  oxide  may  be  li- 
lefied  under  great  pressure.  When  nitrate  of  ammonia 
as  heated  at  one  end  of  a  sealed  recurved  tube,  nitrous 
ude  was  condensed  into  a  liquid  at  the  other  end. 

203.  Experimental  Illustrations. 

The  process  and  apparatus  for  producing,  collecting, 
d  breathing  nitrous  oxide  gas,  exhibited.  The  effect  on 
ighted  candle  and  on  an  iron  wire,  shown. 

204.  Combustion  of  Phosphorus  in  Nitrous  Oxide. 

There  is  a  singular  indisposition  in  the  oxides  of  nitrogen  to  part  with 
ir  oxygen  to  phospliorus,  until  it  be  intensely  ignited  either  by  an  in- 
i  descent  iron,  or  by  the  access  of  uncombined  oxygen. 
This  characteristic  in  the  case  of  nitrous  oxide,  may  be  illustrated  by 
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means  of  an  apparatus,  like  Ihat  employed  for  the  combustion  of  phospho- 
rus 1n  oxygen,  and  of  which  the  opposite  engraving  is  a  represenlKtioQ. 
It  consists  ofa  tall  cylindrical  receiver,  and  a  lube  descending  through  the 
neck  and  along  the  axis  of  the  receiver,  terminating  in  a  capillary  orJlioc 
over  the  cup  for  holding  the  phosphorus.  The  upper  end  of  the  tube,  out> 
side  the  receiver,  is  furnished  with  a  cock,  to  which  a  gum-elastic  bag  ia- 
flated  with  oxygen  is  attached- 

Under  these  circumstances,  the  receiver  having  been  exhausted  and 
filled  with  nitrous  oxide,  phosphorus,  previously  placed  within  the  cup, 
may  l>o  melted  without  taking  Are.  But  as  soon  as  the  cock  communi- 
cating with  tho  bag  of  oxygen  is  opened,  an  intense  combustion  enBues; 
since  the  oxygen,  emitted  in  a  jet  from  the  capillary  oriHcc  o(  the  tube, 
reaches  the  melted  phosphorus,  and  excites  it  into  active  combuslioD,  wliich 
the  nitrons  oxide  afterwards  sustains  with  great  enei^y. 


Of  Nitric  Oxide,  formerly  called  Nitrous  Air. 

This  oxide  is  an  artificial  product,  and  is  obtained  only 
in  tlie  gaseous  state.  Its  tendency  to  cpmbinc  with  oxy- 
gen renders  it  impossible  for  it  to  exist  where  the  atmos- 
phere has  access. 

Preparation. — Nitrous  oxide  is  evolved  during  the  re- 
action between  nitric  acid,  and  copper,  silver,  and  other 
metals. 


205.  Self'regutating  Apparatus  for  generating  Nitric  Oxide. 

The  command  of  a  sufhcicnt  supply  of 
nitric  oxide  is  most  conveniently  attained  by 
means  of  a  self-regulating  apparatus,  made  in 
the  manner  which  1  am  about  lo  describe, 
and  which  is  illustrated  by  the  adjoining 
figure.  A  glass  vessel,  resembling  a  cbrtH 
bottle  elevated  on  a  perforated  foot,  is  jilauol 
within  a  glass  jar,  of  which  the  rim  rises  to 
about  the  middle  of  the  neck,  which  is  fur- 
nished with  a  cock  and  gallows  screw  for  tbc 
attachment  of  a  flexible  leaden  tube.  Tltc 
cavity  of  the  bottle  being  supplied  with  cop- 
per shreds  or  turnings,  and  the  jar  with  di- 
luted nitric  acid, — by  the  reaction  of -ihc  me- 
tal with  tho  acid,  gas  is  copiously  evolved, 
producing  red  fumes  by  goncmiing  nilnnis 
acid  with  the  oxygi-n  of  the  air.  The  emis- 
sion of  the  gas  should  be  permitted  until  the 
red  fumes  disappear-  The  cock  may  then 
be  closed,  unless  it  be  desirable  to  allow  tlic 
gas  lo  bo  transferred  lo  another  vessel. 
It  should  be  understood  that  thci  acid  (msscs  into  and  out  of  the  bottle, 
hroiigh  the  perforation  in  the  stem;  while  by  means  of  a  fragment  of 
Se  metallic  shreds  arc  prevented  from  escaping. 
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Properties^ — ^Nitric  oxide  is  colomlesS)  permanently 
elastic,  and  rather  heavier  than  air.  By  water  it  is  Iwit 
slightly  absorbed.  It  is  not  ^icid.  It  extinguishes  a  can- 
dle flame,  but  ignites  Hombei^s  pyrophorus,  bxA  supports ' 
the  combustion  of  phosphorus,  if  mflamed  before  immer- 
sion in  it,  or  aided  by  the  access  of  a  minute  quantity  of 
oxygen.  It  is  fatal  to  animals,  renders  the  flame  of  hy- 
drogen gjreen  by  mixture,  does  not  explode  with  it,  but  ex- 
plodes with  anmionia.  When  platinum  sponge,  recently 
Ignited,  is  introduced  into  a  nuxture  of  mtric  oxide  and 
l^drogen,  water  and  ammonia  are  gradually  formed,  in 
consequence  of  the  dements  of  the  oxide  ^niting  with  se- 
parate portions  of  the  hydrogen.  It  unites  rapidly  with 
oxygen  gas,  the  oj^gen  of  the  air,  or  of  any  other  gaseous 
mixture,  producing  remarkable  red  acid  fumes.  It  is  ab- 
sorbed by  the  green  sulphate  and  the  protochloride  of  iron. 
The  solution  acquires  the  property  of  absorbing  oxygen, 
and  is,  therefore,  used  in  eudiometiy.  Nitric  oxide  is  de- 
Gompoeed  by  moistened  iron  filings;  also  by  ignited  char- 
coal,  arsemc,  zmc,  and  potassiunu 

It  is  alleged  by  Berzdius  that  nitric  oxide  is  capable  of 
uniting  with  bases,  in  which  case  it  ]^ys  the  part  of  an 
electro-negative  or  acid  compound.  Thus,  when  the  cal- 
cination of  nitre  is  carried  to  a  certain  point,  a  compound 
of  nitric  oxide  with  potash  is  formed.  He  overlooks  the 
&ct,  first  noticed  I  believe  by  Dr.  Bridges  of  this  city,  and 
first  explained  by  me,  that  the  potassium  in  nitre  is  con- 
verted, by  intense  ignition,  into  the  peroxide,  which  evolves 
oxygen  by  the  afibsion  of  water. 

206.  Experimental  Illustrations  of  the  Properties  of  Nitric 

Oxide. 

m 
m 

Copper  or  silver  being  subjected  to  nitric  acid,  nitric 
oxide  gas  is  extricated,  and  collected  in  bell  glasses  over 
water  or  mercury. 

Absorption  of  nitric  oxide  gas  by  protochloride  and 
green  sulphate  of  iron,  shown.  Also  the  method  of  ascer- 
taining its  purity  by  the  sliding  rod  eudiometer,  and  its 
application  to  eudiometry,  in  various  ways,  by  means  of 
that  and  other  eudiometrical  instruments. 

Self-regulating  reservoir  of  nitric  oxide  gas  for  eudio- 


230  INORGANIC  SUBSTANCES. 

metrical  experiments.  Absorption  of  oxygen  gas  by  ni- 
tric oxide,  and  the  consequent  acidity,  made  evident  by 
the  effect  on  litmus.  Romberg's  pyrophorus  in  falling 
through  the  gas  is  ignited. 

Of  Hyponitrous  Acid* 

This  acid  was  isolated  in  the  following  manner  by  Du- 
long.  Having  subjected  a  mixture  of  four  volumes  of  ni- 
tric oxide  with  one  of  oxygen,  in  a  tube,  to  a  freezing 
mixture,  he  obtained  the  acid  in  question  in  the  form  of 
a  deep  green  liquid,  so  volatile  as  to  be  converted  into  a 
red  vapour,  unless  restrained  by  intense  cold.  The  hy- 
ponitrous acid,  thus  procured,  is  partially  decomposed  by 
water  into  nitric  oxide  which  escapes;  while  the  oxygen, 
combining  with  another  portion  of  the  hyponitrous  acid, 
forms  nitric  acid.  This  unites  with  the  water,  and  pro- 
tects the  remainder  of  the  hyponitrous  acid  from  decom- 
position. It  is  alleged  that  a  hyponitrite  of  lead  is  pro- 
duced, when  nitrate  of  lead  is  boiled  with  metallic  lead. 
According  to  Berzelius,  it  is  formed,  in  combination  with 
bases,  when  nitrates  are  kept  at  a  red  beat  for  some 
time. 

Hyponitrous  acid,  when  isolated,  does  not  combine  di- 
rectly with  bases,  but  is  resolved  by  contact  with  them 
into  a  nitrate  and  nitric  oxide  gas.  Nevertheless  it  may 
be  transferred  from  one  base  to  another.  It  is  alleged  to 
form  a  crystalline  compound  with  sulphuric  acid,  and  to 
combine  with  nitric  acid;  but  it  is  questionable  whether, 
in  combining  with  nitric  acid,  it  is  not  resolved  into  nitric 
oxide  and  nitric  acid. 

Of  Nitrous  Add. 

This  combination  may  be  procured  in  the  gaseous 
state,  by  mixing  two  volumes  of  deutoxide  of  nitrogen, 
and  one  of  oxygen ;  or  by  subjecting  fuming  nitric  acid 
to  heat,  and  collecting  the  product  in  a  receiver.  It  is 
also  procured  by  distilling  nitrate  of  lead.  Moist  nitrous 
acid  is  a  gas  of  a  deep  red  colour.  When  anhydrous  it 
is  a  liquid  of  an  orange-yellow  which  boils  at  72^  In 
this  form  it  may  be  obtained  by  passing  deutoxide  of  ni- 
trnc?en  and  oxygen,  both  previously  dried^  through  a  tube 
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frith  fragments  of  porcelain;  or  by  desiccating  the 
t  of  lead  belbrc  employing  it  as  above  mentioned, 
lelius  afllnns  that  there  is  no  compound  of  nitrogen 
cfa  the  name  of  hyponitrous  acid  should  be  given. 
cid,  heretofore  thus  named,  he  calls  nitrous  acid; 
I  considers  the  combination  above  described,  gene- 
ialled  nitrous  acid,  as  a  double  acid,  composed  of 
rous  acid  and  nitric  acid,  or  of  nitric  acid  and  ni- 
dde.  As  this  compound  cannot,  as  he  alleges,  com- 
ith  bases  without  decomposition,  he  objects  to  con- 
Ig  it  as  a  distinct  acid. 

SsiUhesU  of  Nitrous  Acid  by  the  Union  of  Nitric  Oxide  with 

Oxygen  Gag, 
inns  of  a  brass  cap  with  a  cock  and  gallows  screw,  let  a  toll  cy- 
[glass  receiver,  represented  in  the  opposite  engraving,  bu  madeTto 
ncale  with  a  pear-shaped  glass  vessel.  Previously,  however,  to 
Wunication  being  made,  let  both  vessels  be  fillod  with  water,  by 
Dg  them  under  the  surface  of  that  hquid  in  the  well  of  the  pneu- 
Mcrn,  the  cocks  being  first  opened  to  allow  iho  escape  of  air,  and 
ids  cloeed.    The  apparatus  is  then  to  be  placed  on  the  shelf  of  the 


1  the  pear-shaped  vessel,  which  I  will  eal!  a  volumeter,  to  be 
led  with  nitric  oxide,  and  as  often  allowed  to  yield  up  its  contents 
Keiver.  Then  fill  the  volumeter  with  oxygen  gas.  In  the  next 
Men  the  communication  again  with  ihc  receiver.  The  bxygcn, 
iinio  the  nitric  oxide,  produces  dense  fumes  of  nitrous  acid.  At 
consequence  of  the  rise  of  temperature  which  attends  the  combina- 
pe  apjiears  some  ox{>ansiou  ^  but  a  speedy  absorption  of  the  nitrous 
aerated,  causes  the  water  to  rise,  and  nearly  fill  the  receiver.  From 
3  never  been  able  to  attain  a  complete  condensation  by 


P,' 


I  Jipplieatiim  of  IfUric  Oxidt  Gas  to  Eudiometry 

.-  .  ^     .  ""  '>J!«^ 

aoibdd  bj  water,  hu  caused  it  to  be  used  in  ou- 
tal  opentions;  but  owing  to  the  variable  proporlione  in  which  the  above 
•d  CQmpounda  are  linblo  to  be  Toiined,  the  resnlts  obtnioed  have  been 
pncertaiD,  and  the  direc lions  Tot  using  nitiouB  oxide,  given  by  auuh  crai- 
pusti  as  DalloD,  Ga;-Luaisc,  and  Thomson,  aie  at  variance.  Gny-Luswic 
■mpirical  formula,  agreeably  to  which  one-fourth  of  the  condcnration,  pro- 
fa  mixture  of  e<|ual  parts  of  alinoapheric  ail  and  nitric  uiide,  ia  to  be  is- 
•  tile  atnwcplieric  oxygen  present. 

ttto  volumes  of  nitiic  oxide,  a  valomc  of  nitrogan  is  combined  wilJi  one 
•f  oxj'gen,  occupyios  the  same  bulk  as  if  inoroly  mingled, — lo  convert  the 
jde  into  nitrous  acid,  which  consists  of  Iho  sbiub  quantity  of  nitrogen  with 
Hues  of  oxygen,  one  volume  of  oiygen  must  bo  added.  Of  cuurae,  if  m- 
td  be  tlio  pr«Juct,  ona-third  of  tha  defioil  produced,  would  be  the  quantity 
ffacric  oxygen  present.  This  would  bo  too  mucii  to  correspond  with  the 
■F  Gay-LuiBac. 

tfeang  hyponitrouB  acid  produced,  only  half  aa  much  oxygon  would  be  ra- 
(  IB  necesHiy  to  produce  nitrous  acid;  bo  Uiat  instead  of  tlio  Iw 

Cide  takiug  one  volumu.  Ihcy  would  lake  only  half  u  voluuu. 
ia  Iba  samo  as  1  in  5,  oi  one-fiflb,  wUicb  is  too  litUo  tm  ^ 
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Tho  ronnala  lecommcnded  by  Dr.  Thomsoii,  agreesiily  to  which  oae-tliird  oTlk 

deGcIt  ia  to  bo  Mcribod  lo  oxygen,  u  perfecUy  coQuijlenl  with  Iba  Iheory  of  n 
lumeB,  and  much  more  consaoant  vilh  the  TeBOlts  oT  my  experimeols  Uibh  Ihot:  ~ 

ThH  late  I'mfoBior  Dana  [ngenioiuly  reconciled  GayLuauc'a  stateiaent  iri 
tbe  theory  of  voJiiinea,  by  HHj^^atia^  that  half  a  volume  of  o^  j^a  oiay  take  Q 
volums  of  the  niliic  oxide,  andanulher  half  volame  of  oxygon,  two  volumei. 


The  total  condenaation  here  would  be  four  voloiDee,  ud  the  deficit  due  to 
U  one  Tolume,  or  une-ronrtli. 

With  the  defijronceduB  to  a  cbauiiit  ao  diatin^iahed  u  the  author  of  the     . 

in  qaoation,  I  long  itrove  u nance eaafully  lo  vonfy  hii  atatomenta.  Affreeahlr  til 
great  nnmboi  of  experimontH,  annually  repeated  during  many  yekra  with  di&rN 
iniliuments,  it  has  been  found  thai,  when  three  voliiini>e  of  nitric  oxide  are  miid 
over  water,  with  five  of  itmoaphoric  air.  nearly  thu  same  condena&tioti  it  efleclr' 
oa  when  like  quaatitiei  of  air  and  hydrogen  are  ignited  together.  In  order 
deniDUSlrale  the  truth  of  ihia  nllegition  to  my  numeroua  class  i>f  pupil     '  ' 

S Joyed  the  apparotuB  represeulud  by  \he  opuiwite  engraving,  and  dui 
aWing ,- 1     .••■■■      .  

strikingly 


truth  of  Ihia  allegation  to  my  numeroua  class  i>f  pupils,  I  have  en 

S Joyed  the  appamtua  represBUlod  by  Iho  oppiMiite  engraving,  and  duacribed 
blluwing  article.    Jn  thii  the  Tolumea  employed  are  ao  large  as  to  make  the 


20M.   yoUvustope  for  Uie  Jhuiiyfia  rif  Mtaatpheric  ^ir  by  fTUrie  Oxidt. 

Secured  in  a  screw  rod  and  plate  framo,  there  is  a  glass  cylinder  thirty  inoheilM 
height,  ond  about  five  inches  in  diameter.     Into  tho  brass  plate  which  clo«ca  ilr 
top,  three  cocka  are  inserted,  each  provided  with  a  gallows  screw.     By  meana  nl 
flexible  leaden   pipe,  let  one  of  the  cocka  bo  made  to  communicate  with  an  d 
pump.     Let  the  other  cock,  by  like  means,  be  made  lo  communicate  with  a  jhb 
shaped  gloas  vessel,  which  acts  as  a  volumeter,  or  volume  moaaurei.     liOt  the  cylu 
der,  by  meaiu  of  a  scale  placed  on  one  side  of  it,  be  graduated  ao  as  lo  hold  eld 
volumes,  any  tliree  of  which  shall  be  equivalent,  collectively,  to  the  contents  oftt 
volumeter.    The  apparatus  being  thus  prepared,  and  secured  over  one  of  the  mT^ 
of  tlie  pneomstlc  cistern,  (lOI,}  exhaust  the  cylinder  by  means  of  tho  air  piunp,i 
OB  to  cause  the  water  to  rise  in  it,  until  by  the  scale  only  five  volumes  of  aint 
plierio  air  are  left,  and  then  open  a  communication  with  the  volumeter.     The  i 
contained  in  this  vessel  will  then  pasa  into  the  cylinder,  and,  if  tlie  graduatinal 
conatalent  with  the  premises,  the  water  will  sink  lo  the  graduation  desigDating  II 
eighth  volume.     Now  let  the  water,  by  means  of  the  air  pump,  affnin  bo  nnod 
the  graduation  marking  the  fiflJi  volume,  and  introduce  into  the  volumetor  as  nwi 
nitric  oiido  as  it  will  hold.     If,  under  tlioaB  circumstances,  the  commujucatioata 
tween  the  pear-ahaped  veaael  and  the  cylinder  be  re.eslablished,  the  nitric  n. " 
will  pass  into  tlie  cylinder,  and,  combining  with  the  oxygen  of  Uie  contained 
will  produce  nitrous  acid  in  red  fumes,  which  the  water  will  begin  sensibly  to 
sorb.    This  absorption  is  promoted  and  completed  by  jels  of  water,  projected  ti 
oally  through  the  mingled  gases,  by  mesne  of  the  recurved  pipe,  and  gum  eli 
big  to  which  it  ia  attached.     It  has  been  shown  by  the  procedtng  port  of  the 
oeas,  that  the  contents  ofthe  volumeter,  added  to  five  of  air,  would  make  eight' •• 
Inmes,  were  there  no  absorption ;  hut  the  actual  residue,  when  tho  eiperimenl  ^^ 
well  performed,  is  always  a  little  leas  than  five  volumes,  indicating  tlul  a  little  nM 
than  one  volume  of  o»ygen  is  contained  in  the  five  volumes  of  air  employed.  M 
that  this  is  condensed  by  combining  with  twice  its  bulk  of  nitric  oxide.     The  ri 
trous  acid,  usually  thus  called,  consists  of  one  volume  of  nitrogen  and  two  n 
lumea  of  oxygen.     Of  course,  to  convert  into  this  acid,  nitric  oxide,  consistini ' 
one  rolume  of  nitrogen  and  one  volume  of  oxygen  uncondensed,  one  voIuimi 
oiygeu  must  be  added. 

300.  Stilling  Hod  Euditmeler  far  Jfitrie  OiitU. 
This  Rgnro  (aec  next  p^ge)  ri-presenls  the  form  of  the  sliding  rod  eodiomsM 

'"'----■'- '  -"     ''  nts  with  nitric  oxide  gas, or  iki 

in,  saturated  with  nitric  did*, 
nuloyod. 

The  rod  for  those  ei|ieriman1s  is  graduated  into  150  largo  divisionsi  aeTerally  i 
li  into  five  small  ones,  which  being  each  considered  eiiuoJ  to  two  ilegreBs,  ll 
lie  nuinhur  of  degrees  maj  he  utuiued  either  as  l.'iU  or  as  l&IK), 
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■e  gasoous  Suidg  has  boon  oijilained 


u  egg,  and  ii  eoiplojed  ia  thete  experitnents,  being  nounted  tn> 
^«Vii  upon  s  wire. 

Being  filled  with  wnter,  and  immersed  in  the  pocumBlio  cialorn,  tha  apci,  A, 
bting  juit  even  with  llio  surince  nf  Ihe  water, — by  drawing  on t  the  rod  oftlio  eudi- 
Dioeter,  lake  into  Uietubo  100  mcBaurcB  of  atmoEjiJieiic  air.  and  IrinBfer  it  to  the  re- 
ceiver. Neil  tolie  50  meaaitres  nf  nitria  oxide  from  a  boll  ta  above  described,  and 
■lid  it  to  the  air  in  tiie  leeeiver.  Wub  the  mixture  by  a  jel  of  water,  which  ie 
tuily  prnduced  from  tbe  apex  of  tbo  inilrumenl,  and  dtatv  (he  whole  of  llie  resi- 
dual gtt  into  Ihe  lube,  continuing  to  draw  nut  tbe  rod  until  l.vU  gradunliona  appear. 
Id  Ilie  next  place,  eject  the  leiiduol  gas  from  the  tDolrument :  the  number  of  grn- 
daaliouB  of  the  rod  which  remain  on  the  ouUide  of  Ibc  tube,  ihowe  the  deficit 
produced  by  the  absorption  of  the  oxygen  aqd  nitric  oxide,  in  the  sLato  of  njlroue 

In  a  great  nnmber  of  cipcrlmenta,  I  liave  found  the  deficit  to  a^oo  very  nearly 
>ilh  that  produced  by  the  explosion  of  tbe  Kuiie  quantity  of  air  with  hydrogen,  in 
tiie  aqueous  sliding  rod  liydro-oxygen  eudiometer. 

Sin.  MtHod  of  lueerlahiing  Ihe  Psrilij  nf  Xitric  OAdr  l,ij  mranj  nf  a  Soluli/m  nf 
Frotorhlvridej  or  Urten  imlphalt  of  Iron. 
The  purity  of  nitric  oxide  is  easily  oacerlnined  by  means  of  a  solution  of  proto- 
chloride,  or  green  sulphate  of  iron,  and  liie  diding  rnd  eudiometer  above  described. 
A  imall  bottle  being  filled  with  a  oolution  of  the  salt,  nnd  invetled  DDon  the  nhclf 
of  tbe  hydro* pneumatic  cistern,  take  into  the  eudiometer  one  hundred  measures  of 
the  gas,  and  tranafor  them  ti>  the  bottle,  which  must  be  ngitnted  for  two  or  three 
mioutes.  The  receiver,  represented  in  tlie  above  cat,  being  tilled  with  water,  and 
depresaed  into  tlie  water  of  Ihe  hydro -pneumatic  cistern,  till  the  apei,  A,  is  on  a 
level  with  the  mrface,  throw  up  into  it  Ihe  residual  gas.  In  the  next  plane,  dnw 
it  into  the  eudiometer.  The  distance  wliich  the  rod  ta  drawn  out,  sliowa  tlic  quan- 
titr  of  gas  unabsorbed  by  the  solution,  and  of  course  Ihe  impurity  in  the  nitric 


if  nilric  oxide  in  the  above  monlioncd  ferruginouii  solut 

ing  oiygen,  and  was  nr  by  Sir  H.  Davy  ai 

g  tbe  qnautily  of  that  gii  i  nr-        '     *iig  t 
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I 
would  be  the  same  a  that  just  described,  takinff  ozjg|eii  into  the  eodkniieleir  imlead 
of  nitric  oxide,  and  filling  tho  bottle  with  the  ferruginous  solution  of  nitrie  oxidi^  * 
instead  of  the  solution  of  the  pure  sulphate  or  protochloride  of  iron. 

I  have  found  this  method  or  ascertaining  the  quantity  of  oxygen  in  the  tir,  much 
more  tedious  and  much  less  satisfactory  than  those  already  described. 


Tlieory  of  Volumes. 

It  is  presumed  that  a  reader,  who  has  carefully  studied 
this  work  thus  far,  may  have  his  attention  advantageously 
directed  to  the  theory  of  volumes;  otherwise  me  lan- 
guage, now  usually  employed  in  treating  of  combinations 
resulting  from  the  union  of  gaseous  substances,  would  not 
always  be  intelligible  to  him. 

It  has  been  advanced  by  Gay-Lussac  that  substancea^ 
when  aeriform,  unite  in  volumes  which  are  equal,  or  that 
when  imequal,  the  larger  volume  is  double,  triple,  or  quad- 
ruple the  other. 

This  hypothesis  has  been  verified  by  experiment  with 
respect  to  all  substances  which  are  capable,  while  gaseous, 
of  being  combined  or  decomposed.  It  is  extendi  by  in- 
ference to  other  substances,  under  the  idea  that  all  are 
susceptible  of  the  aeriform  state.  A  volume  is  said  to  be 
the  equivalent  of  another  volume,  when  capable  of  form- 
ing with  it  a  definite  compound,  or  when  just  adequate  to 
displace  it  from  combination. 

It  must  be  evident,  a  priori,  that  if  each  atom,  of  what- 
ever kind,  were  to  occupy  in  the  aeriform  state  an  equal 
space,  atoms  might  be  as  well  represented  by  equal  vo- 
lumes as  by  their  equivalent  numbers;  the  former  aflford- 
ing  by  measure,  what  the  latter  give  by  weight.  Now 
experience  justifies  the  belief  that,  in  general,  atoms  do 
assume  an  equality  of  volume  when  rendered  aeriform, 
and  that,  when  the  bulks  assumed  are  unequal,  the  in- 
equality may  be  removed  by  multiplying  or  dividing,  by  a 
whole  number,  those  volumes  which  are  smaller  or  larger 
than  the  rest.  This  is  all  that  the  hypothesis  of  Gay- 
Lussac  requires. 

Berzelius  infers  that  water,  and  the  protoxides  of  chlo- 
rine and  nitrogen,  each  consist  of  one  atom  of  oxygen, 
and  two  atoms  of  the  other  ingredient.  Admitting  this 
to  be  a  correct  inference,  equivalent  weights  of  the  four 
elementary  gaseous  substances  above  mentioned,  actually 
occupy  equal  spaces ;  so  that  their  atoms  are  as  well  re- 
presented by  equal  volumes,  as  by  the  numbers  indicating 
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leir  ratio  to  each  other  in  weight.  But  if  we  suppose 
lat,  in  the  compounds  above  mentioned,  there  is  only  one 
torn  of  each  ingredient,  the  equivalent  volumes  of  chlo- 
ne,  hydrogen,  and  nitrogen,  although  still  equal  to  each 
ther  in  bulk,  will  each  be  twice  as  large  as  the  equiva- 
;nt  volume  of  oxygen.  The  British  chemists,  in  general 
referring  the  last  mentioned  view  of  the  atomic  constitu- 
ion  of  the  compounds  above  mentioned,  represent  the 
toms  of  chlorine,  hydrogen,  and  nitrogen,  each  by  one 
olume,  the  atom  of  oxygen  by  half  a  volume. 
When  gaseous  substances  enter  into  combination  pre- 
erving  the  aeriform  state,  in  some  cases  there  is  a  reduc- 
ion  of  volume,  in  others  none.  When  a  reduction  does 
nsue,  the  bulk,  or  resulting  volume  of  the  compound,  is 

0  the  aggregate  bulk  of  the  constituent  volumes,  either 
L8 1  to  2,  1  to  3,  1  to  4,  or  2  to  3,  2  to  5,  &c. 

This  will  be  rendered  evident  by  the  following  table,  in 
?hich  the  number  of  atoms  and  the  number  of  volumes 
vhich  enter  into  some  important  compounds,  are  repre- 
>ented  by  corresponding  squares.    Each  square  stands  for 

1  volume,  and  half  a  square  for  half  a  volume.  The  first 
column  contains  the  name  of  each  gas  or  vapour;  the 
Kjcond,  the  equivalent  volume  of  the  gas  if  simple,  or  an 
issociation  of  the  volumes  representing  its  constituents 
f compound;  the  third,  the  resulting  volume  of  the  com- 
K)und  formed;  and  the  last,  the  pressure,  expressed  in 
:tmospheres,  necessary  to  produce  liquefaction. 

Among  the  instances  cited  in  the  table,  it  will  be  seen 
bat  there  is  none  in  which  the  bulk  of  the  constituent 
olumes  is  to  that  of  the  resulting  volume  in  a  ratio 
reater  than  that  of  3  to  1.  The  only  permanent  gas,  in 
hich  the  elements  are  alleged  to  exist  in  a  state  of 
reater  condensation,  is  olefiant  gas,  consisting  of  two 
olumes  of  the  vapour  of  carbon,  and  two  volumes  of  hy- 
rogen,  condensed  into  one  volume.  There  are  some 
apours,  consisting  of  the  same  elements  in  the  same 
tomic  proportion,  in  which  8  or  9,  or,  according  to  Dr. 
'homson,  even  23  constituent  volumes  are  contained  in 
resulting  volume. 
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JMe  of  the  EqidvaUnt  WeighU  tmd  Voktmet  qfsomi  Oases  and  Vapaars. 


Gmaes  and  Vapours. 


Oxygen    .... 


Chlorine  .... 


Protoxide  of  chlo- 
rine   


Hydrogen 


Ste&m      .... 


Chlorohydric  acid 


Nitrogen  .    . 


AtmoBpheric  air 


Nitrous  oxide    .    . 


Nitric  oxide 


Nitrous  acid      .     . 
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Of  Nitric  Acid. 
Altliough,  under  ordinary  circumstances,  nitrogen  will 
not  combine  with  o.xygen;  yet,  when  mixed  with  it,  and 
exposed  to  a  Buccession  of  electric  sparks,  nitric  acid,  one 
ttf  the  most  important  agents  in  chemistry,  is  generated. 
Berzelius  alleges  that  traces  of  nitric  acid,  in  combination 
*ith  ammonia,  may  almost  always  be  discovered  in  the 
ain  water  accompanying  thunder  storms.  This  chemi- 
;al  combination  is  probably  produced  by  lightning.  The 
ame  author  states  that  when  a  jet,  consisting  of  one  vo- 
imie  of  nitrogen  and  fourteen  of  hydrogen,  is  inflamed 
fbilc  flowing  into  a  vessel  containing  osj'gen,  nitric  acid 
3  produced.  There  are  probably  some  unknown  means, 
ly  which  chemical  union  is  induced  between  nitrogen  and 
(xygcn;  whence  the  great  quantity  of  nitrate  of  potash 
ipontaneously  produced  in  various  situations. 

It  has  been  supposed  that  this  acid  is  formed  during 
he  eudiometrical  analysis  of  atmospheric  air  by  hydro- 
gen; and  that  the  deficit  being  thus  increased,  leads  to  an 
jndue  estimate  of  the  oxygen.  I  consider  this  impres- 
sion erroneous;  as  upon  one  occasion,  by  exploding  suc- 
cessive portions  of  hydrogen  with  atmospheric  air,  I  col- 
lected nearly  half  an  ounce  of  water,  and  found  it  devoid 
of  acidity. 

Preparation. — The  production  of  nitric  acid  by  elec- 
tricity is  too  laborious  to  be  resorted  to  for  the  purpose 
of  the  chemist. 

Agreeably  to  the  usual  process,  nitre,  which  consists  of 
nitric  acid  and  potash,  is  subjected  to  heat  with  an  equal 
weight  of  sulphuric  acid,  in  a  glass,  porcelain,  or  iron  re- 
tort, communicating  with  a  glass  receiver.  The  nitric 
acid  is  displaced  by  the  superior  affinity  of  the  sulphuric 
acid  for  the  potash,  and,  being  vaporized  by  the  heat, 
[Kisses  into  the  receiver,  where  it  condenses  into  a  liquid. 
Tlius  obtained,  it  is  more  or  less  contaminated  with  ni- 
trous acid  or  nitric  oxide,  and  chlorohydric  and  sulphuric 
acids.  By  distilling  from  it  about  a  third  of  the  whole 
Quantity,  the  nitrous  and  chlorohydric  acids  pass  over  into 
;he  receiver  with  the  portion  of  nitric  acid  distilled,  leaving 
he  residue  in  the  retort  free  from  them.  Sulphuric  acid 
nay  be  removed  by  distilling  the  nitric  acid  from  one-eightli 
)f  its  weight  of  pure  nitre,  or  by  the  addition  of  baryta, 
diich  precipitates  in  the  form  of  an  insoluble  comj^ound 
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with  the  sulphuric  acid.  Chlorohydric  acid  may  in  like 
manner  be  removed  by  a  solution  of  silver;  as  this  metal 
forms  with  the  chlorine  an  insoluble  compound  which  pre- 
cipitates. 

Properties. — Nitric  acid  emits  pungent  suffocating  fumes, 
and  has  a  peculiar  odour.  Wnen  pure  it  is  colourless, 
but  when  exposed  to  the  light,  it  is  slowly  decomposed  into 
oxygen  gas,  and  nitrous  acid  or  nitric  oxide  which  is  ab- 
sorbed, giving  an  orange  colour  to  the  nitric  acid.  This 
decomposition  takes  place  much  more  rapidly  in  the  sun. 
Nitric  acid  cannot  be  obtained  free  from  water.  With 
almost  all  the  metals  it  reacts  powerfully,  also  with  or- 
ganic substances,  causing  them  to  be  oxidized.  It  stains 
and  destroys  the  skin.  It  may  be  considered  as  consist- 
ing of  the  ingredients  of  atmospheric  air  in  the  Uquid  form, 
but  containing  ten  times  as  much  of  the  active  principle, 
oxygen.  It  is  the  most  energetic  principle  in  gunpowder. 
In  its  highest  state  of  concentration,  at  a  specific  gravity 
of  1 .55,  one  atom  of  the  acid  contains  one  atom  ofwater. 
This  concentrated  acid  boils  at  175°  and  freezes  at  —  40^ 
When  it  contains  one  atom  of  acid  to  four  of  water,  it 
has  a  specific  gravity  of  1.42,  and  boils  at  248°.  Any 
acid,  whether  weaker  or  stronger  than  this,  has  the  boil- 
ing point  at  a  lower  temperature.  If  weaker  it  is  strength- 
ened, if  stronger  it  is  weakened,  by  boiling;  and  acids  of 
all  degrees  of  strength  become,  by  the  continued  applica- 
tion of  a  sufficient  degree  of  heat,  of  the  specific  gravity 
of  1.42.  The  officinal  specific  gravity  is  1.5,  in  which 
case  it  contains  two  atoms  of  water  to  one  of  acid. 

Nitric  acid  is  employed  in  giving  a  yellow  colour,  and 
for  various  other  purposes  in  manufactures.  It  is  used  in 
medicine  for  fumigations,  in  cases  in  which  chlorine  is 
unsuitable. 

211.  Experimental  Illustrations. 

The  extrication  and  distillation  of  nitric  acid,  shown  by 
means  of  a  glass  retort  and  receiver,  heated  by  a  lamp  or 
small  sand  bath.  Its  action  on  various  substances  exem- 
plified. 
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Orange-coloured  Fuming  Nitric  Acid,  called  iVt/rSS^ 
nitric  Acid  in  the  Su)edish  Pharmacopoda.  "'^ 

whatever  proportion  Bolphuric  acid  may  be  employ- 
he  process  just  described  for  procuring  nitric  acid, 
uid  obtained  is  of  an  orange  colour.  This  colour 
Bs  deeper,  when  the  quantity  of  sulphuric  acid  em- 
is  insufficient  to  produce  a  bisulphate  with  the 
•  I  am  under  the  impression  that,  in  some  degree, 
oe  result  follows  when  the  acid  exceeds  the  propor- 
quisite  to  produce  the  bisulphate.  In  either  case  the 
which  in  the  absence  of  some  other  base  is  indis- 
Je  to  the  existence  of  nitric  acid,  is  not  furnished  in 
jnt  quantity.  Hence  the  acid  is  partially  resolved 
ygen  and  nitrous  acid,  which  latter,  together  with  the 
icid,  passes  into  the  receiver,  constituting  an  orange- 
ed  fuming  liquid,  mentioned  by  Berzelius  under  the 
of  nitroso-nitric  acid.  This  acid,  by  exposure  to 
lisengages  nitrous  acid  gas,  and  becomes  colourless 
Bicid.  Nitroso-nitric  acid  ignites  essential  oils,  car- 
nd  phosphorus ;  the  latter  explosively.  It  is  much 
mergetic  in  its  reaction  with  such  substances  than 
itric  acid,  which,  probably,  when  nitric  oxide  is  not 
t,  requires  for  its  existence  a  larger  proportion  of 
I  deem  it  probable  that  it  is  with  nitric  oxide,  not 
3  or  hyponitrous  acid,  that  nitric  acid  is  combined 
roso-nitric  acid.  Berzelius  conceives  that  either 
>f  its  composition  may  be  correct. 

212.  Experimental  Illustrations. 

iction  of  nitroso-nitric  acid  with  carbon  and  oil  of 
itine,  exhibited. 

the  Agency  of  Nitric  Oxide  in  generating  Sulphuric  Acid. 

1  nitric  oxide,  atmospheric  air,  sulphurous  acid,  and  aqueous  vapour 
iglcd,  a  crystalline  compound  is  formed,  which,  if  the  operation 
>rmed  within  a  glass  vessel,  will  appear  upon  the  interior  surface 
ystalline  deposition,  resembling  hoar  frost.  When  water  is  added 
;ompound,  it  is  resolved  into  sulphuric  acid  and  nitric  oxide.  The 
combines  with  the  water,  while  the  latter  escapes  in  the  gaseous 
roducing  with  oxygon,  if  present,  the  red  fumes  of  nitrous,  or  hypo- 
acid.  It  may  be  inferred  that  hyponitrous  acid,  produced  as  above 
led,  yields  one  atom  of  oxygen  to  the  sulphurous  aaid,  converting 
sulphuric  acid.  The  acid,  thus  produced,  unites  with  the  nitric 
nd  water ;  but  on  being  subjected  to  a  larger  portion  of  witer,  for 
it  has  a  greater  affinity,  the  uitric  oxide  is  allowed  to  esc 
35 
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ITrese  hiiliiludcs  of  ihe  agents  in  question  excite  greater  interest,  on  ac- 
.^nunt  of  their  agency  in  the  generation  or  sulphunc  acid,  one  ot  the  moil 
wfluable  of  the  inBtruments  which  have  (jcen  placed  within  ihe  reach  of 
the  cbemisl. 

213.  Experimental  Ilhtatratioii  of  the  ReacHons  which  ocoir 
in  the  Mamifacliirc  of  Su/phuric  Acid. 
Into  a  glass  globe  with  three  tubulures,  introduce  on 
one  side  the  beak  of  a  half  pint  retort,  containing  about  a 
pound  of  mercury,  and  as  much  sulphuric  acid  as  will 
cover  it  to  the  depth  of  half  an  inch,  applying  to  the  re- 
tort a  chauffer  of  coals.  Into  the  other  tubulure,  fasten 
the  termination  of  a  pipe  proceeding  from  a  self-regulating 
reservoir  of  oitric  oxide  gas.  The  third  tubulure  should 
bo  closed  by  a  glass  stopple.  The  mercury  takes  one  atom 
of  oxygen  from  the  sulphuric  acid,  converting  it  into  sul- 
phurous acid  which  enters  the  globe.  As  soon  as  this 
appears  to  have  taken  place,  a  portion  of  the  nitric  oxide 
gas  is  allowed  to  enter  from  the  opposite  side.  Meeting 
with  atmospheric  air  within  the  vessel,  the  nitric  oxide 
will  produce  red  fumes,  which,  encountering  the  sulphu- 
rous acid,  will  condense  into  a  crystalline  deposition. 
Occasionally,  the  stopple  must  be  lifted  to  allow  the  ac- 
cess of  fresh  air;  and  the  supply  of  this  and  the  gases 
must  be  so  regulated,  that  the  red  fumes  shall  be  repeat- 
edly produced  and  condensed.  When  a  deposition  oi" 
crystalline  matter,  sufficiently  striking,  has  been  produced, 
if  water  be  poured  into  the  globe,  the  deposition  will  be 
speedily  decomposed  with  an  evolution  of  nitric  oxide. 
This  gas,  meeting  with  the  oxygen  of  the  air,  produces  red 
fumes,  which,  by  the  readmission  of  sulphurous  acid,  are 
again  condensed  with  it  into  crystals.  These  crystals, 
as  before,  by  the  addition  of  water,  are  decomposed  into 
nitric  oxide  gas  and  sulphuric  acid.  The  water  in  the 
globe,  being  decanted  and  tested,  gives  decided  indications 
of  the  presence  of  sulphuric  acid. 
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Of  the  Process  utualltf  employed  in  Ike  Manufaclure  of  Sulphuric  Aeid^ 
The  means  employed  in  the  experunent  just  described,  are  cifDveiiient 
for  the  purpose  of  illustration,  but  oould  not  be  resorted  to  profitably  for 
ihe  manufacture  of  sulphuric  acid.  The  combustion  of  one  porliou  of  sul- 
phur, and  ihe  simultaneous  deltagration  with  nitre  of  another  portion,  (the 
liimes  created  in  both  ways  being  received  in  a  large  chamber  lined  with 
lead,  and  covered  at  bottom  with  water)  are  the  means  usually  employed 
by  the  manufacturing  chemist.  Each  atom  of  nitre  conaisis  of  an  atom 
of  potash  and  an  atom  of  nitric  acid.  Three  out  of  the  five  atoms  of  oxy- 
gen in  each  atom  of  the  acid,  unite  with  on  atom  of  sulphur,  converting 
it  into  sulphuric  acid,  which  combines  with  the  potash.  The  two  remain- 
ing atoms  of  oxygen,  together  with  the  nitrogen  of  the  acid,  are  evolved 
as  nitric  oxide,  which,  with  atmospheric  onygen,  mobture,  and  the  sulphu- 
rous add  prodnced  by  the  burning  sulphur,  generates  the  crystalline  com- 
pound above  described.  Of  late  years,  the  presence  of  an  adequate  quan- 
tity of  moisture  has  been  insured  by  (he  introduction  of  steam  at  proper 
intervals.  The  crystalline  compound,  subsiding  into  the  water,  is  decom- 
posed into  sulphuric  acid  which  remains  in  solution,  and  nitric  oxide. 
This  oxide,  meeting  with  further  portions  of  oxygen  and  sulphurous  acid, 
again  contributes  to  the  formation  of  the  crystalline  compound,  to  be  again 
decomposed.  This  process  continues,  until  the  water  in  the  chamber 
becomes  sufficiently  impregnated  with  sulphuric  acid,  when  it  is  transferred 
to  leaden  boilers.  In  these  it  is  concentrated  by  boiling,  until  it  begins 
to  act  on  the  lead.  It  is  then  removed  to  a  platinum  alembic,  or  glass 
retorts,  and  boiled  down  to  the  specific  gravity  of  1.85.  After  it  has 
reached  that  density,  no  farther  concentration  can  be  effected  by  heat. 
This,  accordingly,  is  the  standard  specific  gmvity  of  the  sulphuric  acid  of 


In  some  manufactories,  nitric  oxide  is  supplied  by  the  reaction  of  nitric 
acid  with  starch,  sugar,  or  molasses;  oxalic  acid  being  produced  at  the 
same  time,  the  sale  of  which  reduces  the  cost  of  the  process. 

314.  Production  of  Sulphuric  Add  furlhtr  ilhislratcd. 
The  apparatus  here  deacribcil,  serves  to  show,  in  miniature,  the  process 
Fur  geucraling  sulphuric  acid. 
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Into  a  globular  glass  vessel  holding  about  eight  gallons,  represcDted  ia 
the  preceding  figure,  introduce  as  much  water  as  will  cover  the  bottom  to 
the  depth  of  about  two  inches.  The  vessel  hns  a  wide  mouth,  which  ji 
ground  (o  tit  a  circular  metallic  plate.  Through  a.  hole  in  the  ceutre  of 
this  plate,  a  gun  barrel,  open  at  both  exlremities,  ia  made  to  dt 
From  the  lower  ejdremity,  a  ring  of  about  two  inches  in  diameter 
pended  by  wires,  hooked  to  a  perforated  circular  piece  of  sheet 
which  encircles  and  is  soldered  to  (he  barrel.  In  (he  ring  thus  aus; 
a  conical  frustum  of  iron,  having  an  liemisphorical  cavity,  ii  seated,  ao  u 
to  be  a  little  above  ihe  water.  Between  the  outside  of  the  gun  barrel,  ui 
tlie  inside  of  the  brass  casting,  C,  which  supports  it,  ibero  is  a  pasaagB 
from  the  pipe,  P,  into  the  cavity  of  the  globe.  This  pipe  conununlcaRi 
also  with  the  water  of  a  tumbler,  supported  within  the  bell  glass.  A  lube 
leads  from  a  suction  pump  into  ibis  vessel,  which  is  placed  on  the  shelf 
of  ibc  pneumatic  cistern,  covered  with  water  as  usual. 

The  apparatus  being  thus  arranged,  the  metallic  plate,  with  the  gun  hw 
rel,  riag,  and  frustum  appended  to  it,  must  be  removed  from  the  globe,  lis 
iron  frustum  liHed  out  of  the  ring,  and  some  nilraLe  of  potash  (nitre)  beUc 
introduced  into  the  cavity  iu  the  frustum,  it  must  be  made  moderately  icf 
hoi.  It  ia  then  to  be  restored  to  its  seat  in  the  ring,  below  the  gun  bah 
rel,  and  the  plate  and  gun  barrel  must  be  returned  to  their  previous  [losiliaa 
over  the  mouth  of  iho  globe,  so  that  the  whole  may  be  situated  as  repre- 
sented in  the  engraving.  Lumps  of  brimstone,  about  the  size  of  peas,  aii 
10  be  dropped  through  the  gun  barrel  into  the  melted  nitre.  As  each  lun« 
reaches  the  nitre  a  combustion  ensues,  equally  remarkable  for  beauty  au 
bnlliancy.  The  globe  then  becomes  filled  with  sulphurous  acid  gas,  ac- 
companied by  nitric  oxide  gas,  and  a  crystalline  deposition  ensues.  Mean- 
while, to  keep  up  a  supply  of  oxygen  within  the  globe,  and  to  prevtal 
the  escape  of  fumes  into  the  apartment,  the  suction  pump  is  put  into  opei^ 
lion,  in  order  to  draw  Ihe  fumes  out  of  the  globe,  and  cause  them  to  If 
replaced  by  air,  which  enters  through  the  gun  barrel.  The  water  imf^ 
from  the  cislem  into  the  bell,  until  the  resistance  which  it  ofiers  to  fuMhw 
elevation,  is  greater  llian  Ihat  which  the  water,  in  the  tumbler  on  theatan^ 
opposes  to  the  entrance  of  air  from  the  pipe;  and,  consequently,  the  airs 
drawn  from  the  globe  through  the  water  in  the  tumbler,  by  which  Qb 
fumes  arising  from  the  combustion  are  arrested,  especially  if  liquid  a»- 
monia  shall  have  been  previously  added  to  the  water.  The  water  at  tkB 
bottom  of  the  globe  meanwhile  becomes  impregnated  with  sulphuric 
acid,  and  will  accordingly  afford  a  copious  precipitate  with  chloride  af 
barium. 

To  proloci  the  globe  from  the  heat  of  Ihe  red-hot  iron  frustum,  a  cylin- 
der of  sheet  lead  Is  placed  below  it  in  the  water,  as  represented  in  lbs 
figure. 

COMPOUNDS  OF  NITROGEN  WITH  flll.ORINE  AND  lODINB 
Neither  chlorine  nor  iodine  combines  directly  with  nitrogen;  biilbolh 
unite  with  ihe  nitrogen  of  ammonia,  under  circumstances  which  I  aM 
mention  presently. 

0/  Chloride  of  mirogcn. 
This  compound  may  be  obtained  by  placing  a  bell  glass,  filled  wilfi  clilo- 
rine,  over  a  solution  of  one  port  of  nitrate  ol^  ammonia  in  twelve  of  watBT, 
tureofTO".  , 
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The  cliloridc  appears  Jn  drops,  which  reaomble  olive  oi!,  and  wliicli, 
hung  heavier  than  water,  subside  to  the  botlatn  of  the  basin  contaiaiug  the 
solution.  It  is  remarkublc  tliuL  tliis  substance  does  not  explode  with  mony 
oombuslibles,  which  would  appear  more  liliely  to  decompose  it  than  itiosR 
-with  which  it  docs  explode.  Thus  it  explodes  with  turpentine  or  caout- 
chouc, but  not  with  cum p bar. 

The  force  with  which  a  niinulc  portion  of  chloride  of  nitrogen  expiries, 
on  contact  with  oil  of  turpentine,  would  hardly  be  credited  by  those  who 
liBve  not  witnessed  this  phenomenon.  An  open  mucer  of  Canton  china 
was  fractured  by  a  globule  not  larger  ihnn  a  grain  of  mustard  seed.  The 
gloss  tube  employed  to  project  the  globule  into  the  saucer,  was  violently 
ili^ersed  in  fragments. 

■  Of  Iodide  of  Nitrogen. 

^^^hen  iodine  is  kept  in  liijuid  ammonia,  it  is  converted  into  a  brownish- 
mack  substance,  which  is  iodide  of  nitrogen,  and  which  may  be  collected 
and  dried  on  bibulous  paper  at  a  gentle  heat.  The  iodide  of  nitrogen  thus 
formed,  evaporates  spontaneously.  It  explodes  by  a  alight  pressure,  or 
when  bealed  or  much  dried,  being  resolved  into  nitrogen  gas  and  iodine. 
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ON  SOME  POllSTS  OF  CHEMICAL  THEORY. 


The  student  has  now  atlvanced  sufficiently  far  io  prac- 
tical knowledge  of  the  phenomena  of  combiistinn,  and  of 
the  properties  of  some  acids,  to  render  it  expcdii^nt  to  pre- 
sent to  him  Bomc  general  \it:\Ys  o(  combustion,  acidity,  and 
alkalinily,  and  udditionat  instruction  on  classification  and 
tiomencUtlrire- 

I  am  the  more  inclined  to  this  course,  as,  among  the 
compounds  of  nitrogen,  there  are  three  acids  and  an  al- 
kali. 

Of  Theories  of  Combustion. 
Stalil  supposed  the  existence,  in  all  combustibles,  of  a 

common  principle  of  inflammability,  which  he  called  plilo- 
giston,  from  c^a.-/.?*,  to  burn.  He  inferred  that  all  sub- 
stances, in  burning,  gave  out  phlogiston.  The  fallacy  of 
this  hypothesis  is  evident;  since  metals  become  lieavicr 
during  combustion,  obviously  in  consequeace  of  the  ab- 
sorption of  oxygen  from  the  atmosphere., 
cates  of  the  phlogistic  theory,  nitrogen  t 
with  carbonic  acid,  and  carlwDn  with  hyd 
both  carbon  and  hydrogen  were 

'  logiston  nearly  pure ;  and  ( 
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them,  was  supposed  to  become  phlogisticated  air,  the 
name  then  given  to  nitrogen  gas.  It  is  now  well  known 
that  with  carbon,  oxygen  forms  carbonic  acid,  with  hy-' 
drogen,  water;  and  that  nitrogen  gas  contains  neither  car- 
bon nor  hydrogen. 

Sulphuric  and  phosphoric  acids,  and  metalhc  oxidee, 
were  severally  supposed  to  be  ingredients  in  the  sulphui^ 
phosphorus,  and  metals  producing  them.  Thus  of  Im- 
bodies,  that  which  was  actually  tlie  lighter  was  assumed 
to  contain  the  other. 

The  celebrated  Lavoisier,  to  whom  we  are  chiefly  in- 
debted for  the  exposure  of  these  fallacies  of  the  theory 
of  phlogiston,  having  ascertained  that  oxygen  is  an  indis- 
pensable agent  in  all  ordinary  cases  of  combustion,  wai 
erroneously  led  to  infer  that  it  was  in  all  cases  neces. 
sary  to  that  process.  But  it  is  now  well  known  that 
there  are  many  instances  of  combustion,  in  which  oxygeD 
has  no  agency. 

I  would  define  combustion  to  be  a  state  of  intense  co^ 
puscular  reaction,  accompanied  by  an  evolution  of  heat 
and  light. 

That  increase  or  diminution  of  temperature  consequest 
to  chemical  combination,  which  constitutes  coinbustioB 
when  productive  of  heat  and  light,  has  been  ascribed  to 
a  mysterious  law,  by  which  bodies  undergo  a  change  in 
their  capacity  to  hold  caloric.  It  has  been  sup|K)sed  that 
the  capacity  of  the  compound  is  in  some  instances  greater, 
in  others  less,  than  the  mean  capacity  of  the  constituents; 
and  that  in  the  former  case  union  is  followed  by  an  aU 
sorption  of  caloric,  and  of  course  by  cold;  in  the  latter, 
by  the  expulsion  of  caloric,  and,  consequently,  the  produc- 
tion of  heat. 

Yet,  when  the  capacities  of  compounds  are  comparea, 
with  those  of  their  ingredients,  the  result  does  not  justi^ 
the  idea  that  the  heat  given  out  by  the  latter  in  combi- 
ning, is  produced  by  a  diminution  of  capacity.  At  befltt 
this  hypothesis  only  substitutes  one  enigma  for  another^ 
since  it  does  not  account  for  the  alleged  change  of  «• 
pacity. 

The  diversity  of  power  to  hold  caloric  in  a  latent  state, 
technically  designated  by  the  word  capacity,  is  now  ge- 
nerally ascribed  to  the  intervening  influence  of  electricity. 
It  has  been  shown  that,  if  neighbouring  bodies  be  electih 


5ed  by  means  either  of  glass  or  resin,  previously  ; 
jected  to  friction,  they  will  repel  each  other:  but  that  if 
Mie  be  thus  excited  by  glass,  and  another  by  resin,  attrac- 
tion between  them  will  ensue.  Hence  the  excitements 
are  considered  of  an  opposite  nature.  It  will  be  recol- 
lected that,  according  to  the  Franklinian  theory,  the  vitre- 
ous excitement  results  from  a  redundancy,  the  resinous, 
from  a  deficiency  of  the  electrical  fluid.  Hence  Franklin 
designated  the  former  as  positive,  the  latter  as  negative 
electricity.  By  others,  the  ditlerent  electric  excitements 
are  considered  as  the  effects  of  two  different  fiuids,  attrac- 
tive of  each  other,  but  self-repellent.  The  one  has  ac- 
cordingly been  called  by  them  resinous,  the  other  vitreous 
electricity.  Yet,  even  by  electricians  who  suppose  the 
existence  of  two  fluids,  the  terms  positive  and  negative 
are  employed. 

It  has  been  suggested  that  Voltaic  phenomena,  combua- 
lion,  acidity,  alkalinity,  and  chemical  affinity,  may  owe 
tlieir  existence  to  llie  principle  by  which  the  different  elec- 
tric excitements  are  sustained  in  electrified  bodies,  modi- 
Bed  in  some  inexplicable  manner,  so  aa  to  act  between 
atoms  instead  of  masses.  This  suggestion  derives  strength 
from  the  following  facts,  which  have  been  fully  illustrated 
m  my  lectures  on  electricity  and  galvanism. 

The  pole  of  a  Voltaic  series,  terminated  by  the  more 
osidizable  metal,  has  been  shown  to  display  a  feeble  elec- 
trical excitement,  of  the  same  kind  as  that  which  is  pro- 
ducible by  friction  in  glass;  while  the  otiier  pole  displays 
the  opposite  excitement,  in  hke  manner  producible  in  resin. 
From  reiterated  experimental  observation  it  is  now  ge- 
nerally inferred,  that,  of  any  two  substances  chemically 
combined,  and  simultaneously  exposed  to  wires  proceed- 
ing from  the  Voltaic  poles,  one  will  go  to  the  positive,  the 
other  to  the  negative  pole.  Atoms  are  supposed  to  have 
electrical  stales  the  opposite  of  those  of  the  poles  to 
which  they  may  be  attracted,  and  are  said  to  be  electro- 
negative when  attracted  by  the  positive  pole,  and  electro- 
positive when  attracted  by  the  negative  pole. 

Substances  which  have  opposite  relations  to  the  Vol- 
taic poles,  have  an  affinity  for  each  other,  which  is 
Usually  stronger  in  proportion  as  the  diversity  of  their 
electric  habitudes  is  the  more  marked.  Thus,  for  in- 
nce,  oxygen  which  is  pre-eminently  electro-i 
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and  potassium  which  is  pre-eminently  electro-positive, 
have,  mider  ordinary  circumstances,  a  predominant  affi- 
nity  for  each  other.  The  power  of  the  Voltaic  wires,  in 
severing  such  substances  when  combined,  appears  to  be 
analogous  to  that  exercised  by  atoms,  which,  by  superior  ^ 
affinity,  cause  decomposition.  But  then  there  is  this  dis- 
crepancy, that  the  elements,  after  being  attracted  from 
each  other  by  the  wires,  do  not  combine  with  thenij  as 
they  do  with  the  atoms  which,  by  superior  affinity,  are 
productive  of  a  similar  decomposition.  It  would  seem  as 
if  particles,  separated  from  each  other  by  the  Voltaic  pile,  ^ 
undergo  successive  changes  in  their  electric  states,  wnidi  * 
first  paralyze  their  ability  to  remain  in  combination,  and  '^ 
afterwards  their,  susceptibility  to  the  attraction  of  the  ^ 
poles;  so  that  instead  of  adhering  to  them,  they  escape.  - 
Yet,  even  in  this  respect,  there  is  greater  analogy  between  - 
chemical  affinity,  and  that  transiently  exercised  by  the  [ 
Voltaic  poles,  than  at  first  view  might  be  supposed ;  since 
the  former  power  is  found  to  be  created,  destroyed,  al- 
tered, or  even  reversed  by  extraneous  causes.  Potas- 
sium, which,  under  ordinary  circumstances,  takes  oxygen 
from  iron  or  carbon,  yields  it  to  these  substances  at  very 
high  temperatures.  Iron  attracts  oxygen  from  hydrogen 
in  one  case,  yet  relinquishes  it  to  the  same  principle  in 
another.  The  coherence  of  vegetable  and  animal  fibres 
is  obviously  due  to  a  cohesive  power  induced  in  the  con- 
stituent ponderable  atoms  by  the  powers  of  vitality.  The 
hempen  cable  which  holds  a  ship  of  the  line  at  anchor,  is, 
by  ignition,  resolvable  into  water  and  charcoal.  The 
deutoxide  of  hydrogen  and  oxide  of  silver,  by  mere  con- 
tact and  without  any  resulting  union  of  their  ponderable 
atoms,  are  converted  explosively  into  water,  oxygen,  and 
silver. 

By  some  philosophers,  who  ascribe  the  opposite  elec- 
trical excitements  to  the  influence  of  distinct  fluids,  it  is 
conjectured  that  these  fluids,  when  separated,  become 
surcharged  with  heat  and  light,  which  they  abandon  on 
uniting.  Hence  when  sufficiently  accumulated  and  sub- 
sequently combined,  ignition  or  explosion  ensues,  in  con- 
sequence of  the  copious  evolution  of  those  imponderable 
principles.  When  these  consequences  result  from  the 
chemical  reaction  of  ponderable  particles,  they  are  as- 
to  the  escape  of  heat  and  light  arising  from  the 
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\-  of  electric  matter,  previously  Ibrmiiig  a  mean  of 
combiuatioQ  witli  ponderable  matter.  That  elec- 
■r,  in  some  mysterious  mode,  varies  tlie  power  of 
tirable  substances  to  combine  will)  each  other,  and 
tuu  heat  and  light  in  a  latent  state,  seems  to  me 
f  probable;  yet  I  cannot  consider  any  eftbrt,  hitherto 
b  as  successful  in  explaining  how,  consistently  with 
lown  habitudes,  it  can  operate  to  produce  such  won- 
I  results. 

veply  to  the  hypothesis  above  stated,  admitting  the 
Ktce  of  two  electric  fluids  to  which  there  are  great 
(tionB,  it  may  be  demanded,  why  is  not  cold  produced 
I  the  electricities  are  severed;  if,  under  these  circum- 
,  they  abstract  from  the  surrounding  medium  that 
irge  of  caloric  which  they  relinquish  on  being  re- 

II  sides  it  must  be  admittetl  that  between  chemical 
Ivanism,  and  electro-magnetism,  there  is  an 
;e  association  which  must  be  explamcd  before  the 
aena  of  combustion  can  bo  well  understood. 
ibas  been  mentioned  tliat,  of  known  bodies,  oxygen 
koved  the  most  electro-negative.  It  is  questionable 
her  the  next  place  to  oxygen  is  to  be  assigned  to 
pne  or  fluorine.  After  these  follow  bromine,  iodine, 
^0",  selenium,  and  tellurium. 

pong   the  metals  we  have  a  scries  of  substances, 

bg  from  those  in  which  the  electro-positive  power 

Imminently  great,  as  in  potassium,  sodium,  lithium, 

If  calcium,  magnesium,  &c.,  to  such  metals  as  be- 

.ther  to  the  electro-negative  class.     Hence,  setting 

im  the  extreme  abovementioned,  we  may  proceed 

a  long  range  of  metals  less  and  leas  electro-posi- 

vre  arrive  at  such  as  produce  electro-negative 

^nations  with  oxygen  or  chlorine,  or  both.     More  or 

jrithin  this  predicament,  I  think  we  find  tin,  mercury, 

E  platinum,  palladium,  antimony,  arsenic,  molybde- 

Miad  lastly  tellurium.     Thus  at  an  intermediate  point 

Ben  the  extremes  at  which  oxygen  and  the  alkaligeo 

HI  are  placed,  there  are  substances  whose  electrical 

pn  to  the  pile  is  equivocal  or  wavering;  and  it  should 

rierstood  that  this  relation  is  always  comparative. 

Bpe  is  electro-positive  with  oxygen  and  perhaps  fluo- 

luid  electro-negative  with  every  other  body.    lodiiif 
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is  electro-positive  with  o\ygen,  chlorine,  bromine,  i 
probably  fluorine,  while  with  other  substances  it  is  e] 
tro-negative. 

Substances  of  the  two  opposite  classes,  in  combia 
with  each  other,  constitute  compounds  which  are  eil 
electro-positive  or  electro-negative,  accordingly  as  the' 
ferent  energies  of  their  ingredients  preponderate.  Ti 
in  alkalies,  consisting  of  oxj'gen  united  with  the  alk 
gen  metals,  the  electro-positive  influence  predoininal 
while  the  reverse  is  true  of  acids,  consisting  of  the  sa 
electro-negative  principle,  oxygen,  in  combination  H 
sulphur,  nitrogen,  phosphorus,  carbon,  boron,  silicon, « 
nium,  or  other  substances,  which,  in  their  electrical  hi 
tudes,  lie  between  oxygen  and  those  metals.  ' 

In  some  cases  we  see  an  electro-negative  or  elec( 
positive  power  attached  to  compounds,  which  is  not  eqal 
displayed  by  either  of  their  constituent  elements  separatt 
Cyanogen,  consisting  of  carbon  and  nitrogen,  is  a  strifc 
instance  of  an  electro-negative  compound  thus  com 
tuted;  and  in  ammonia,  and  the  vegetable  alkalies  lal 
discovered,  we  have  instances  of  electro-positive  d 
pounds,  produced  from  principles  comparatively  elect 
negative. 

Of  the  Influence  of  the  Habitudes  of  Chemical  Agents  % 
the  Vo/laic  Series  on  Classification  and  Nomc/iclatur^i 
It  would  follow  from  the  statements  made  under 
last  head,  that  there  should  be  a  resemblance  between! 
properties  of  substances  which  have  a  proximity  to  ei 
other  in  the  electric  series.  Accordingly  we  find,  ai 
have  already  had  occasion  to  state,  that  those  which! 
proach  each  other  in  the  higher  part  of  the  electro-negal 
scale,  have,  by  distinguished  writers,  especially  in  Oi 
Britain,  been  classed  as  supporters;  while  those  whicW 
electro-positive,  or  feebly  electro-negative,  have  bcerf 
the  same  authors  classed  as  combustibles.  Also,  cert 
electro-negative  compounds,  formed  of  the  pre-emind 
electro-negative  principles,  have  been  associated  as  odf 
while  other  compounds,  of  oxygen  at  least,  which  have?! 
opposite  polarity,  have  been  associated  as  bases,  under  ai 
of  the  subordinate  divisions  of  alkalies,  alkaline  eart 
earths  proper,  or  simply  oxides.  Pursuant  to  the  t8| 
„!iDon  winch  the  basacigen  class  has  been  founder 
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r  electro-positive  compounds  should  comprise  otlier  bo- 
^es  besides  oxides.  Originally,  acids  owed  their  name 
cad  classification  to  the  usual  characteristic  of  sourness, 
ipf  which,  for  a  long  time,  none  had  been  found  deficient. 
This,  however,  can  no  longer  be  viewed  as  an  indispensa- 
ble characteristic  of  acidity. 

The  idea  of  a  class  of  supporters  of  combustion  and  of 
combustibles,  has  no  better  foundation  than  that  certain 
substances  are  more  frequent  agents  in  combustion.  Thus 
hydrogen  will  produce  tire  with  oxygen  and  chlorine  only; 
sulphur  with  oxygen,  chlorine,  and  the  metals;  and  car- 
bon with  oxj'gen;  but  as  either  oxygen  or  chlorine  will 
burn  with  a  great  variety  of  substances,  they  have  been 
called  supporters  of  combustion,  and  the  substances  with 
which  they  combine  during  combustion,  combustibles.  Io- 
dine and  latterly  bromine  have  been  classed  among  the 
supporters;  because  they  combine  with  almost  all  the  bo- 
dies with  which  the  other  elements  classed  under  that 
name  unite,  and  in  some  cases  with  an  evolution  of  heat 
and  light.  Yet  they  are  not  gaseous  like  oxygen  and 
chlorine,  and  are  as  analogous  to  sulphur  as  to  oxygen. 
There  appears  to  me  to  be  an  error  in  taking  either  of 
these  substances  into  the  class  of  supporters,  while  sul- 
phur is  excluded,  which,  next  to  oxygen  and  chlorine,  has 
the  property  of  burning  with  the  greatest  number  of  sub- 
stances. In  other  respects  sulphur  seems,  in  its  proper- 
tics,  to  be  intermediate  between  iodine  and  phosphorus. 
The  habitudes  of  selenium  appear  to  range  between  those 
of  tellurium  and  sulphur. 

Hydrogen,  phosphorus,  carbon,  boron,  and  silicon  are 
no  more  entitled  to  be  called  combustibles,  than  oxygen, 
chlorine,  bromine,  and  iodine  to  be  called  supporters.  It 
should  be  observed,  also,  that  these  appellations  are  evi- 
dently commutable  according  to  circumstances;  since  a 
jet  of  oxygen,  fired  in  hydrogen,  is  productive  of  a  flame, 
similar  to  the  inlhimed  jet  of  hydrogen  in  oxygen.  If  we 
breathed  in  an  atmosphere  of  hydrogen,  oxygen  would  be 
considered  as  infliimmablc,  and  of  course  a  combustible. 
The  arrangement  which  I  have  adopted  of  classifying  as 
basacigen  bodies,  tiiose  which  have  heretofore  been  treated 
as  supporters,  with  the  addition  of  some  others,  renders 
it  unnecessary  to  resort  to  the  incorrect  division  into  sup- 

rters.and  combustibles. 
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Of  lite  Nomenclature,  of  Oxides,  Acids,  and  Salts. 

It  may  be  proper,  before  proceeding  further  in  the  study 
of  the  acids  and  oxides,  to  make  the  student  acquaiDtcJ 
with  the  meaning  of  certain  terms  and  terminations,  em- 
ployed by  chemists  in  designating  those  substances. 

Where,  in  consequence  of  different  degrees  of  oxidize- 
ment,  substances  form  two  oxides  or  two  acids,  one  con- 
taining a  larger,  the  other  a  lesser  proportion  of  osygai. 
the  acid  or  oxide,  having  the  lesser  proportion,  is  distin- 
guished by  the  name  of  the  substance  oxygenated,  and  a 
termination  in  ous;  that  containing  the  larger  proportion 
of  oxygen  is  designated  in  the  same  way,  substituting 
for  OT/s ;  as  sulphurof/s  acid  and  sulphuric  acid,  nitrotw  and 
nitn'c  oxide  or  acid.  As  respects  oxides,  howeyer,  these 
terminations  have  only  been  used  in  the  cases  adduced, 
and  in  that  of  carbonic  oxide.  That  ingredient  in  an  acid 
or  a  base,  which  is  least  electro-negative,  is  called  the 
radical.  When  an  acid  is  discovered  having  less  oxvgfn 
than  one  witli  the  same  radical,  of  which  the  name  ends 
with  ous,  the  word  hypo  is  prefixed.  Hence  the  appella- 
tions, A^^nitrous,  Ayposulphurous.  The  same  mean  of 
distinction  is  employed  to  designate  a  degree  of  oxj'gena- 
tion  exceeding  that  designated  by  ous,  hut  less  than  that 
designated  by  *c.  Hence  the  name  Ay/josulphuric.  ff 
there  be  an  acid  having  still  more  oxygen  than  the  one  of 
which  the  name  ends  in  ic,  the  letters  ojry  are  prefixed. 

Acids  of  which  the  names  terminate  in  ous,  have  thar 
salts  distinguished  by  a  termination  in  itc  Acids  tf 
which  the  names  end  in  ic,  have  their  salts  distingui^rf 
by  a  termination  in  ate.  Thus  we  have  mtrites  and 
nitra/e5,  sulphiVes  and  sulpho/c^.  If  the  alkali  be  in  eF 
cess,  (he  word  svb  in  prefixed,  as  *(^isulphate.  If  the 
acid  be  in  excess,  super  is  prefixed,  as  sw/KTsulphate. 
The  letters  U  are  placed  before  the  name  of  salts  havii^ 
a  double  proportion  of  acid;  hence  carbonate  and  Wcai^ 
bonatc. 

The  oxide  in  which  the  oxidizement  is  supposed  to  be  ! 
at  the  maximum  is  called  the  ^roxide.  This  manosyHa"  i 
hie,  per,  is  also  used  in  the  case  of  acids,  to  signify  thB  ' 
highest  state  of  oxygenation,  and  has  been  impropei+fi  ' 
as  I  conceive,  substituted  for  oxy  in  the  case  of  oerchlo* 
ric  acid.  Most  chemists  apply  the  monosyllable  m  que»<ij 
tion  to  distinguish  a  salt  formed  with  a  peroxide.     Thu*»i 
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the  red  sulphate  of  iron  1ms  been  called  the  persulphate  of 
iron.  The  nitrate  of  the  red  oxide  of  mercury,  the  perai- 
trate  of  mercury.  Agreeably  to  a  similar  rule,  salts 
formed  with  /jro(oxides  have  the  word  prolo  prefixed;  as 
in  the  instances  of  profonitrale,  promos ulphate,  &c. 

It  has  already  been  stated  that  by  the  British  chemists 
the  binary  compounds  of  oxygen,  chlorine,  bromine,  io- 
dine, fluorine,  and  cyanogen,  when  not  acid,  are  desig- 
nated by  the  termination  in  ide.  I  have  distinguished  the 
binary  comjiounds  of  all  the  basacigen  bodies  by  appella- 
tions ending  in  ide  excepting  those  which  arc  acid.  I 
should  deem  it  preferable  if  tliis  termination  were  consi- 
dered as  applicable  to  all  compounds  of  the  basacigen  bo- 
dies, whether  acids,  bases  or  neutral,  and  that  the  terms 
acid  and  base  should  be  considered  as  severally  indica- 
ting the  subordinate  electro-negative,  and  electro-positive 
compounds.  In  that  case  oxyfiase,  chloribase,Jfuobase,  hro- 
mihase,  iodobase,  cyano/mse,  sulphohase,  tellurilmse,  selenibase, 
would  stand  in  opposition  to  oxacid,  ch/oracid,  bromactd, 
iodttcid,  cyanacid,  sutpharid,  se/crtarid,  tclluracid.  Yet  for 
convenience,  the  generic  termination  ide  might  be  used 
without  any  misunderstanding;  and  so  far  the  prevailing 
practice  might  remain  unchanged.  Resort  to  either  ap- 
pellation would  not,  agreeably  to  custom,  be  necessary  in 
speaking  of  salts  or  other  compounds  analogous  to  them; 
since  it  is  deemed  sufficient  to  mention  the  radical,  as  if 
the  salt  consisted  of  an  acid  combined  with  a  radical,  not 
an  oxide.  Ordinarily  we  say  sulphate  of  lead,  not  sul- 
phate of  the  oxide  of  lead.  This  last  mentioned  expression 
IS  resorted  to,  only  where  great  precision  is  desirable.  In 
^ch  cases,  it  might  be  better  to  say  sulphate  of  the  oxy- 
j  of  lead. 


m 


Of  the  Origin  of  tJte  Idea  of  an  Acidifying  Principle' 
At  the  period  when  the  French  nomenclature  was 
adopted,  oxygen  was  considered  as  the  sole  acidifying 
principle.  Of  course  every  acid  being  supposed  to  con- 
sist of  oxygen  in  part,  it  was  enough  to  call  it  an  acid  to 
convey  a  correct  idea  of  its  composition  in  that  respect. 
But  when,  at  a  subsequent  period,  it  was  shown  that 
many  acids  were  destitute  of  oxygen,  and  tliat  oth 
stances  were  nearly  as  efficient  as  oxygen  in  '» 
acids  by  a  union  with  acidifiablc  bodies,  it 
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sary  to  prefix  syllables  in  order  to  distinguish  the  acid 
compounds  produced  by  one  acidifying  principle,  froB 
those  produced  by  others.  The  term  acidifying  principi( 
originated  with  the  error  of  assigning  that  character  e» 
clusively  to  oxygen.  From  convenience,  more  than  ai^ 
conviction  of  ita  propriety,  it  was  afterwards  used  occ* 
sionally  in  reference  to  chlorine,  hydrogen,  and  other  ck 
mentB  which  are  found  to  produce  acids  by  combing 
with  a  variety  of  substances. 

It  will  be  seen  tliat  there  is  no  adequate  reason  fb| 
considering  any  element  as  an  acidifying  principle.  Ttn 
term  radical  originated  at  the  same  time,  being  the  nam 
given  to  the  substances  which  oxygen  was  supposed  U 
acidify.  It  has  since  been  extended  by  me  to  all  sub 
stances  which  form  acids  or  bases  with  the  hasacigen  hm 
dies.  After  this  explanation,  the  student  will  understad 
my  meaning  when  I  say  that  oxacids,  or  acids  tbrnia 
with  oxygen,  require  no  other  designation  than  such  i^ 
may  indicate  their  radicals;  whereas  all  other  acida,  ■ 
addition  to  the  term  formed  from  the  radical,  must  haM 
others  prefixed,  showing  which  of  the  basacigen  suh 
stances  constitutes  their  electro-negative  principle.  Tbni 
in  describing  the  acids  formed  by  oxygen  and  chlorine 
with  iodine,  we  have  used  the  terms  iodic  and  cliloriodic; 
the  first  being  equivalent  in  its  import  to  an  oxacid,  ot 
one  in  which  oxygen  is  the  electro-negative  ingredient] 
the  other  indicating  an  acid  in  which,  the  radical  iodine 
remaining  the  same,  chlorine  is  the  electro-negative  I* 
gredient. 

()f  Acidity  and  Alkalinity.  ^ 

I  conceive  the  following  definitions  to  be  justified  bf 
the  practice  of  modern  chemists  in  general,  as  establiehetf' 
in  tnc  case  of  oxacids  and  oxibases.  When  two  comi 
pounds  capable  of  comhimng  with  each  other  to  form  a  ler- 
Hum  quid,  have  an  ingredient  common  lo  bo/h,  and  ottey 
the  compounds  prefers  the  positive,  the  other  the  negatiti 
pole  of  the  Voltaic  series,  we  must  deem  tlic  former  an  add, 
the  latter  a  base.  And  again,  all  comi>OHnds  having  a  soar 
taste,  or  which  redden  litmus,  should  be  deemed  acids  n 
obedience  to  usage. 

Acidity  was  originally  synonymous  with  sourness,  as  k 
conlini"  e  in  colloquial  language;  but  many  sul> 
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ances  are  now  called  acids  by  chemists,  which  do  not 
produce  those  effects.  They  are  never,  in  fact,  produced 
by  such  acids  as  the  sihcic  and  inargaric  acids,  &c.  wliich 
are  insoluble  in  water.  Solubility,  however,  notwithstand- 
ing these  exceptions,  is  in  general  an  attribute  of  the 
acids,  and  the  great  majority  of  them  redden  vegelalde 
blues;  yet  sulphurous  acid  whitens  litmus,  and  indigo  is 
not  reddened  by  any  acid.  Acids  neutralize  alkalies,  and 
restore  colours  destroyed  by  them.  Acids  do  not  usually 
combine  with  acids,  nor  alkalies  with  alkalies,  but  acids 
and  alkalies  unite  energetically  with  each  other.  I  infer 
that  alkalinity,  acidity,  and  galvanic  polarities  have  a 
common  cause,  perhaps  in  some  appropriate  combina- 
tions of  the  imponderable  but  material  causes  of  heat, 
light,  and  electricity.  To  other  combinations  of  these 
imponderable  principles,  the  sweetness  of  sugar,  the  pun- 
gency of  mustard  and  pepper,  and  the  activity  of  certain 
vegetable  poisons  may  be  due.  It  is  known  that  in  mor- 
phia and  strychnia,  and  in  certain  vegetable  acids,  the  al- 
kaline and  acid  properties  are  attached  to  ponderable  ele- 
ments, which  exist  in  other  comi>ounds  without  inducing 
fidity  or  alkalinity. 
COMPOUND  OP  NITROGEN  WITH  in^DROGEN. 
Of  Ammonia  or  the  Volatile  Alkali. 
As  substances  which  are  analogous  in  their  most  im- 
portant properties,  are  often  utterly  different  in  their 
composition,  it  is  impossible  to  adopt  any  arrangement  in 
treating  of  them,  which  may  be  in  both  respects  satisfac- 
tory. The  compound  which  is  the  subject  of  this  article, 
was  naturally  associated  witli  the  other  alkalies,  when 
their  composition  was  unknown;  aUhough  now  generally 
ranged  with  the  compounds  of  nitrogen,  whilst  its  former 
associates  are  placed  among  the  metallic  oxides. 

Formcrivt  only  tliree  alkalies  were  known, — potash, 
soda,  and  ammonia.  The  two  former,  being  difiicnit  to 
vaporize,  have  been  caWcAJixed  alkalies;  the  latter,  being 
naturally  aeriform,  is  denominated  the  volatile  alkali.  A 
new  mineral  fixed  alkali  was  discovered  in  1817,  and 
named  lithia.  It  Avas  procured  from  a  stone  called  Peta- 
Hence  its  name  from  the  Greek  ai^hx,  stony. 
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All  the  alkalies  aboyementioned  have  a  peculiar  taste, 
called  alkaline.  They  all  produce,  in  certain  vegetable 
colours,  characteristic  changes,  which  differ  according  to 
the  matter  subjected  to  them,  but  are  not  varied  by 
changing  the  alkah. 

They  restore  colours  changed  by  acids,  and  are  capa- 
ble of  neutrahzing  acidity. 

By  their  reaction  with  oils,  soaps  are  generated^  which 
are  soluble  in  water. 

There  are  certain  metallic  oxides  which  have  been 
called  earths,  and  which,  in  different  degrees  of  intensity, 
have  all  the  alkaline  properties  abovementioned,  except- 
ing the  last. 

There  are  also  some  vegetable  compounds  which  pos- 
sess, to  a  sufficient  extent,  the  attributes  of  alkalies,  to  be 
classed  among  them. 

According  to  Bonsdorf,  the  halogen  elements  of  Ber- 
zelius  produce  bases,  which  in  some  cases  display  alka- 
linity. He  has  noticed  a  change  of  colour,  indicating  an 
alkaline  reaction,  on  litmus  paper,  reddened  previously 
by  an  acid,  and  dipped  into  a  solution  of  the  chloride  of 
calcium,  magnesium,  or  zinc. 

It  is  my  intention,  as  introductory  to  the  subject  of 
ammonia,  to  adduce  a  few  experiments  which  illustrate 
the  properties  of  alkalies  in  general. 

215.  Experimental  Illustrations  of  the  characteristic  Effects 
of  the  Alkalies  on  certain  Vegetable  Colours. 

Into  infusions  of  turmeric,  alkanet,  Brazil  wood,  and 
rhubarb,  a  few  drops  of  solutions  of  either  of  the  alkalies 
being  introduced, — turmeric,  from  a  bright  yellow,  becomes 
brown,  rhubarb,  from  nearly  the  same  yellow,  becomes 
red.  Brazil  wood,  from  a  light  red,  becomes  violet-red, 
and  alkanet,  from  red,  becomes  blue.  Acids  being  added, 
the  colours  are  restored,  but  by  a  sufficient  quantity  of 
alkali  are  changed,  as  in  the  first  instance,  and  by  acids 
again  restored;  so  that  the  experiment  may  be  repeated 
several  times  with  the  same  infusions. 

A  blue  infusion,  obtained  from  red  cabbage,  is  rendered 
green  by  an  alkali.    By  adding  some  acid,  the  blue  co- 
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lour  is  restored;  by  a  further  addition  of  the  acid,  the  in- 
fusion becomes  red.  An  alkali  being  next  introduced,  it 
becomes  blue,  and  by  a  further  addition  of  alkali,  the 
green  colour  reappears.  By  alternately  using  acids  and 
alkalies,  these  changes  may  be  repeated  several  times. 

The  power  of  various  acids  in  reddening  infusions  of 
litmus,  shown;  and,  subs^uently,  the  restoration  of  the 
blue  colour  by  an  alkali. 

Preparation  of  Ammonia. — Ammonia  is  obtained  from 
sal  ammoniac,  the  salt  from  which  it  received  its  name. 

To  evolve  this  alkali  in  the  gaseous  state,  equal  parts 
of  sal  ammoniac  and  quicklime,  both  finely  pulverized, 
are  to  be  heated  gradually  in  a  glass  matrass.  The  am- 
monia is  partially  extricated  by  the  mere  mixture  of  the 
materials;  but  heat  is  necessary  to  complete  the  operation. 

Sal  ammoniac,  according  to  the  opinion  generally  en- 
tertained, is  a  compound  of  chlorohydric  or  muriatic  acid 
and  ammonia.  The  hme  having  a  greater  affinity  for  the 
acid  than  the  ammonia,  by  simple  affinity  combines  with 
it,  and  liberates  the  alkali  as  a  gas,  the  state  which  it 
naturally  assumes  when  isolated. 

A  different  view  of  this  subject  is  taken  by  Berzelius, 
which  w  ill  be  explained  when  treating  of  ammonium. 

When  it  is  an  object  to  have  the  gas  perfectly  free 
from  humidity,  it  is  necessary  to  arrest  the  process  as 
soon  as  moisture  begins  to  condense  in  the  neck  of  the 
receiver;  or  to  interpose,  between  the  neck,  and  the  reci- 
pient used  to  receive  the  gas  over  mercury,  a  tube  con- 
taining dry  hydrate  of  potash  in  small  fragments. 

216.  Experimental  Illustration  of  the  Process  for  obtaining 

Gaseous  Ammonia. 

A  flask,  containing  equal  parts  of  quicklime  and  sal 
ammoniac,  both  well  pulverized  and  thoroughly  intermin- 
gled, is  exposed  to  as  much  heat  as  the  glass  will  bear. 

A  bell  glass  is  so  placed  over  the  mercurial  cistern,  as 
to  receive  any  gas  which  inay  pass  from  the  orifice  of  a 
tube,  luted  at  one  end  into  the  flask  charged  with  the  ma- 
terials, and  at  the  other  entering  the  mercury  so  as  to  be 
jinder  the  bell.  This  apparatus  is  represented  on  the  next 
3age. 

37 
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Properties  of  Ammonia. — Ammonia  acts  like  an 
"  upon  the  organs  of  taste,  upon  vegetable  colours,  a 
neutralizing  acidity.  Wiien  present  in  the  air  only  i 
nute  proportion,  it  is  agreeably  stimulating  to  the 
but  otherwise  it  is  intolerable  to  the  eyes  and  org! 
respiration.  Its  specific  gravity  is  0.58!>7,  and  100 
inches  weigh  18.28  grains.  It  is  not  inflammable  i 
air,  yet  inflames  with  chlorine  spontaneously,  and 
oxygen,  by  the  aid  of  an  electric  spark,  or  galvanic 
tion.  A  candle  flame  is  at  first  enlarged  and  after 
extinguished  by  immersion  in  this  gas.  Water  at 
it  with  surprising  velocity,  and  will  hold  from.450  t 
times  its  bulk. 

Ice  melts  in  it  more  speedily  than  in  a  fire. 

Heat  either  decomposes,  or  volatilizes,  all  ammoi 
compoundsj  and  either  of  the  fixed  alkalies,  or  c 
three  more  powerful  alkaline  earths,  disengage  it 
any  of  the  acids. 

Ammonia,  by  refrigeration  alone,  may  be  condi 
into  a  liquid  at  — 40°  F.  By  a'.pressure  of  six  al 
pheres  and  a  half,  Mr.  Faraday  succeeded  in  liquefy, 
at  the  temperature  of  50°  F. 

217.  Experimental  Jllustrations. 
Sal  ammoniac  and   quicklime,    being   powdered, 
mL\ed  in  small  glasses,  pungent  fumes  are  emitted. 
Lextricated  by  the  process  above  described,  an 


Fleeted  in  bell  glasses  over  mercury.     The  mtrocluction  of 

1'^  few  drops  of  water  causes  the  gas  to  disappear.     Ice, 

I  the  same  way  introduced,  is  liquefied,  aud  causes  a 

ike  result.     Characteristic  changes  efibcted  in  the  colour 

f  water,  tinctured  by  turmeric,  alkanct,  Brazil  wood,  and 

I  rhubarb. 

Evolution  of  gas  shown  by  means  of  potash  and  an 
I  tnimoniacal  salt,  introduced  into  a  glass  vessel  over  nier- 
I  Cory. 

Equal  volumes  of  ammonia  and  chJorohydric  acids, 
mixed,  and  coudensed  into  a  solid,  constituting  sal  ammo- 
niac. 
A  mixture  of  ammonia  with  oxygen  gas,  exploded. 

Ofihe  Compogition  of  Ammonia. 

According  to  Berzeliua,  ammonui  was  lirat  ascertained  to  be  a  com- 
pound of  nilrogen  and  hydrogen  by  his  celebrated  countryman,  Schpelc. 
At  a  later  period,  Bertiiollet  oscertuined  the  ratio  in  whloli  ihcso  substances 
extol  in  it,  which  ia  by  volume  that  of  three  of  hydrogen  to  one  of  nitro- 
gen, condensed  into  two  volumes;  and  by  weight,  3  of  hydrogen  to  14  of 
nilrt^n.     See  Table,  page  836. 

The  partial  decomposition  of  ammonia  may  be  effected  by  subjecting  it 
to  a  succession  of  electrical  sparks.  Each  spark  causes  the  decomposi- 
tion of  a  portion  of  the  gas;  but  as  the  process  proceeds,  it  becomes  more 
difficult,  so  that  a  complete  decomposition  is  impracticable.  That  portion 
which  in  decompbsed,  is  doubled  in  volume;  since  the  three  volumes  of 
hydrogen  and  one  of  nitrogen  occupy,  while  combined,  but  half  of  the 
apace  which  they  would  fill  if  uncombined. 

Ammonia,  by  being  made  to  pass  through  tubes  at  a  red  heat,  is  re- 
solved into  its  constituents.  This  result  is  promoted  by  the  presence  of 
■nela.llic  wire-  Any  metal  will  have  more  or  less  effect,  but  iron  is/nost 
cfiicacious.  It  appears  from  recent  experiments  of  Desprctz,  that  this 
metal,  by  continued  exposure,  may  be  made  to  take  up  nearly  twelve  per 
;.  of  its  weight,  becoming  a  nitrurel  by  the  absorption  of  the  nilrogen  of 
ammonia.  It  is  suppwod  that  other  metals,  which,  after  a  like  ex. 
ire,  exhibit  no  increase  of  weight,  receive  and  abandon  nilrogen  aller- 

itely;  an  operation  which  appears  to  be  singular  and  mysterious.  Tiie 
iDctals  become  brittle  during,  this  process.  Probably  their  inlluence  is  in 
its  nature  elect rocchemical.  In  its  elTecls  it  appears  to  be  the  reverse  of 
that  by  which  the  union  of  the  elements  of  water  is  futimotcd  by  the  pro- 
aence  of  some  metals  in  a  state  of  minute  division. 

The  decomposition  and  analysis  of  ammonia  have  l)ocn  altcmpled  by 
ignition  with  oxygen  gas.  I  have  often  caused  them  to  inflnmo  by  mtvoa 
<5's  wire  ignited  by  galvanism.  I  believe  it  to  lie  almost  impracticable  (o 
ascrnain  the  result  accurately  by  measurcincnt,  on  account  of  the  liability 
be  absorbed  by  the  moisture  of  the  apparatus,  the  water 
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produced  by  ihe  combualion,  and  the  mercury  employed  to  cool 
gase* 

A  aponianeouH  and  explosive  combustion  ensues  behreen  chlori 
the  hydrogen  of  gaseous  ammonia.  When  chloriae  is  paaaed  id  ' 
through  concentrated  liquid  ammonia,  a  reaction  lakes  place  with  s> 
noiae,  na  apparently  to  endanger  ihe  containing  vessel. 

This  process  has  already  been  mentioned  as  one  of  the  means  of 
iog  nitrogen. 

Id  its  reoctioD  wilh  ammonia  iodine  differs  from  chlorine.  Whet 
is  brought  in  contact  with  dry  ammoniacal  gas,  it  forma  a  thkl 
fluid,  which,  when  saturated  with  ammonia,  becomes  more  liquid- 
compound  is  decomposed  by  water  forming  the  iodide  of  Dttroget 
page  243. 

Wilh  various  metallic  oxides,  ammonia  forms  explosive  comf 
especially  those  known  as  fulmineling  gold,  and  the  most  dangeru 
cies  of  fulminating  silver.  By  these  appellations,  hovever,  othe 
pouuds  of  those  metals  are  designated.  By  some  mysterious  inl 
probably  electro-chemical,  the  aflinilics  between  the  oxygen  and  hy 
are  suspended  without  being  destroyed.  Yet  bv  slight  caoses,  t 
tnechanicai  or  chemical,  tlie  equilibrium  is  subverted  with  esplosi 

218.  Process  for  obtaining  Water  of  Ammonia- 


If  instead  of  being  conveyed  into  a  bell  glass  ovei 
cury,  the  gas  be  received  in  water  contained  in  a 
the  water  may  be  saturated,  constituting  aqua  amtnon 
wat*"!"  of  ammonia.  The  saturation  may  be  effected 
us,  similar  to  that  represented  in  the  above  ( 
absorption  of  ammoniacal  gas  by  water,  c 
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ich  heat,  that,  to  produce  a  saturated  solution,  re- 
ition  by  ice-water  is  necessary, 
iter,  saturated  with  ammonia,  when  ^adually  cooled 
>  temperature  of  —  40^  F.,  crystallizes  in  long  nee- 
aving  a  silky  gloss.  No  doubt  these  crystals  owe 
existence  to  the  presence  of  water,  which  exists  in 
fts  water  of  crystallization.  Water  of  ammonia  is 
:  than  water.  In  comUning  with  the  gas,  the  water 
weight  in  proportion  to  the  degree  of  impregna- 
At  the  maximum,  at  ordinary  temperatures,  the  al- 
institutes  about  one-third  of  its  weight. 


Of 

well  known  that  Davy  resolved  potash  and  soda  severally  into  me- 
oxygen,  by  exposing  those  alkalies  to  the  divellent  influ^ica  pf 
aic  current.  Subsequently,  Berzelius,  not  having  at  command  an 
IS  sufficiently  powerful,  when  unassisiedy  to  eSbct  this  decotnposi- 
::ertained  that,  by  placing  mercury  in  contact  with  a  nxHstened 
cali,  and  in  communication  with  the  negative  pole,  while  the  alkali 
licated  with  the  positive  pole,  an  amal^m  would  result  either  of 
m  or  sodium,  according  to  the  alkali  employed, 
results,  when  ammonia  is  subjected  to  the  galvanic  cirQuit  in  coD- 
1  mercury  at  the  negative  pole,  having  a  perfect  analogy,  as  ro- 
le  production  of  an  amalgam,  with  those  obtained  by  a  similar  ex- 
»r  the  other  alkalies,  as  above  mentioned,  led  naturally  to  the  in- 
that  the  causes  were  analogous ;  and  that,  in  the  case  in  question, 
ban  in  the  others,  a  metallic  radical  had  been  deoxidized  and  united 

mercury.  This  inference  was  rendered  more  plausible  by  the 
1  of  oxygen  at  the  positive  pole  during  the  formation  of  the  amal- 
fet  ammonia  was  known  to  consist  of  hydrogen  and  nitrogen ;  and 
ier  either  or  both  of  these  as  oxides,  was  inconsistent  with  all  the 
ge  otherwise  obtained  respecting  them.  By  some  chemists,  how- 
rc^n  was  conjectured  to  be  the  oxide  of  a  metal,  with  which  this 
1  was  supposed  to  be  formed.  For  this  supposed  metal,  the  name 
11191  was  suggested.  Hence  the  contact  of  the  amalgam  with  water 
iceivcd  to  cause  the  absorption  of  oxygen  by  the  nitricum,  and 
mtly  the  extrication  of  hydrogen. 

Liussac  and  Thenard  explained  the  formation  of  the  amalgam,  by 
g  the  absorption  of  ammonia  by  the  mercury,  together  with  a  por- 
ydrogen  derived  from  the  simultaneous  decomposition  of  water, 
hus  admits  the  fact  of  the  union  of  the  elements  of  ammonia  and 
n  with  the  mercury,  in  the  proportions  alleged  by  the  distinguished 
hers  above  named ;  but  conceives  that,  by  the  addition  of  an  atom 
>gen  to  the  ammonia,  this  alkali  is  converted  into  a  metal,  which 
ammonium.  To  the  union  of  this  metal  with  mercury,  he  as- 
le  production  of  the  amalgam ;  and  to  a  resolution  of  the  metal 
lements,  the  evolution  of  the  ammonia  and  hydrogen.  When  an 
ammonia  is  presented  to  an  atom  of  water,  he  infers  that  the  hy- 
»f  the  water  converts  it  into  ammonium,  which  is  simultaneously 

by  the  oxygen.    Hence  an  atom  of  anmionia,  when  combined 
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with  an  atom  of  water,  may  bo  considered  as  actiog  as  an  oxybasc  ofajt^ 
monIum>  Wlion  gaseous  ammonia  is  presented  to  chlorine,  one  ^nkt 
of  it  is  decomposed,  of  which  the  nitrogen  is  lil^eratcd,  while  the  hydrDgq 
converts  another  portion  into  ammonium.  This  forms  with  ibe  chloriw 
a  chloride  of  ammomuTo,  and,  accordingly,  by  tliia  nppcllalioD,  sal  ama» 
niac,  or  muriate  or  ammonia,  must  be  designated,  agreeably  to  the  hjy^ 
thesis  under  consideration. 

Wlien  in  the  process,  already  given  for  obtaining  ammonia,  chloriJe  o( 
ammonium  (sal  ammoniac)  is  mingled  with  ihe  oxide  of  calcium  (linw,) 
by  double  elective  attraction,  the  chlorine  combines  with  the  calcium,  ud 
the  oxygen  with  one  atom  of  the  hydrogen  in  the  ammonium;  so  that 
water  and  ammonia  are  evolved.  The  latter  OEsumes  the  gaseous  form, 
while  the  water  unites  with  tlie  chloride,  and  remains  in  union  with  it,  if 
the  heat  be  not,  raised  unnecessarily,  and  conliimed  loo  long. 

If  we  attempt  lo  decompose  ammonia  witbout  the  assistance  of  mercurf, 
it  yields  nothing  but  hydiogen  and  nitrogen;  yet,  to  produce  the  amalgam, 
it  is  BulBcient  that  the  wire  employed  be  coaled  with  mercury.  The  glo- 
bule of  mercury  which  is  left  ader  the  spontaneous  decomposition  vmA 
the  mass  sustains,  is  in  volume  often  not  more  than  the  Iwo-hundredth  put 
of  that  of  the  amalgam. 

The  most  elegant  mode,  says  Berzelius,  of  obtaining  the  ammoniaol 
amalgam,  is  to  place  a  globule  of  the  amalgam  of  potassium  to  a  coTily^oT 
a  piece  of  chloride  of  ammonium,  slightly  moistened.  The  globule  soott 
enlarges  to  many  times  its  previous  dimensions,  by  the  absorption  of  the 
ammonium,  which  relinquishes  its  chlorine  to  the  potassium. 

The  ammoniacal  amalgam,  amtated  in  dry  atmospheric  air,  yields  hy- 
drogen and  ammoniacal  gas.  The  same  gaseous  substances  are  extn- 
cated  from  it  when  plunged  into  ether  or  naphtha.  The  ammoniacal 
amalgam  may  be  preserved  for  some  time,  if  surrounded  by  hydrogen. 

Berzelius  does  not  consider  ammonia  as  capable  of  becoming  a  hax, 
without  first  being  converted  into  ammonium  by  the  acquisition  of  hydro- 
gen. In  this  stale,  without  further  change,  it  can,  like  other  metals,  fom 
salts  by  combining  with  any  of  the  halogen  substances.  But  to  omnluiw 
with  oxacids,  the  ammonium  must,  like  other  metals,  be  oxidized.  lU 
presence  of  water  at  once  metallizes  and  oxidizes  ammonia.  The  faydnh. 
gen  converts  the  ammonia  into  the  metal,  and  the  oxygen  converts  that' 
metal  into  an  oxide. 

When  gaseous  ammonia  precipitates,  from  an  aqueous  solution  of  ■ 
halfud  salt,  a.  metal  in  the  state  of  oxide,  water  is  decomposed,  the  hydro- 
gen converting  the  ammonia  into  the  metal  ammonium,  while  the  oxvMI 
converts  the  metal  into  an  oxide.  Meanwhile,  the  ammonium,  combiDii^ 
with  the  halogen  element  of  the  haloid  salt,  lakes  the  place  previously  cms 
«upied  by  tlie  mela!  which  has  been  oxidized. 

319.  Expcrimcntul  I/litstrallons. 

In  a  cavity,  made  in  a  bit  of  muriate  of  ammonia,  iB 

corainunicatinii  with  one  of  the  poles  of  the  Voltaic  pile,  a 

moisteoed  globule  of  mercury  is  supported.      The  iner^ 

cury  is  made  to  commmiicate  with  the  other  pole.    Th© 
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loetal  swells  rapidly,  and  assumes  all  the  characteristics 
of  an  amalgam. 

An  amalgam  of  potassium,  being  introduced  into  a  ca- 
vity in  a  piece  of  sal  ammoniac,  is  rapidly  converted  into 
the  ammoniacal  amalgam,  with  a  prodigious  enlargement 
in  bulk. 


SECTION  111. 
OF    PHOSPHORUS. 

Preparation. — Phosphorus  is  obtained  from  the  phos- 
phate of  soda  in  urine,  or  the  phosphate  of  lime  in  bones.. 
Impure  phosphoric  acid  may  be  extricated  from  the  earth 
of  bones,  by  the  stronger  affinity  of  sulphuric  acid.  As, 
at  a  high  temperature,  charcoal  takes  oxygen  from  phos- 
phorus, the  phosphoric  acid  is  decomposed  by  ignition 
with  it  in  a  retort,  the  beak  of  which  is  so  introduced 
into  water,  as  to  have  the  orifice  a  little  below  the  sur- 
face. Phosphorus  distils  into  the  water,  and  condenses 
in  tears. 

Agreeably  to  another  process,  the  phosphate  of  soda, 
which  may  be  procured  at  the  shops,  is  decomposed  by 
nitrate  of  lead,  by  complex  affinity.  The  phosphorus  is 
separated  from  the  resulting  phosphate  of  lead,  by  dis- 
tillation with  charcoal,  as  in  the  process  above  men- 
tioned. 

Properties. — Phosphorus  is  often  of  a  light  flesh  colour, 
but  when  pure  is  colourless  and  translucent.  It  is  rather 
harder  than  wax,  but  is  more  easily  divided  by  a  knife. 

Phosphorus  is  insipid  and  probably  inodorous;  but,  in 
consequence  of  its  oxidizement,  it  emits  a  feeble  allia- 
ceous odour  of  phosphorous,  or  hypophosphoric  acid. 
When  pure  it  is  flexible,  but  the  presence  of  TrJ^th  of  sul- 
phur renders  it  brittle.  Its  specific  gravity  is  1.77.  Sub- 
jected to  the  rays  of  the  sun,  it  acquires  a  red  colour. 
If  heated  to  155°  and  suddenly  cooled,  it  becom^«  ^^ack. 
Thenard,  however,  states  that  this  change  ca  ^ 

fected  in  phosphorus  which  has  not  been  rep 
tilled.    He  suggests  it  as  possible,  that  t& 
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phosphorus,  when  pure,  is  black;  aad  tliat  the  colour' 
which  it  usually  assumes,  may  be  due  to  the  presence  of 
hydrogen,  which  has  been  long  known  to  be  evolved,  | 
when  phosphorus,  in  the  usual  state,  is  fused  and  sub-i 
jected  to  the  Voltaic  current. 

Exposed  to  the  air  at  ordinary  temperatures,  phos- 
phorus combines  slowly  with  oxygen,  appearing  luminoiu 
in  the  dark,  but  without  any  sensible  evolution  of  heat. 
Less  heat  is  requisite  to  cause  the  inflammation  of  phos- ; 
phorus  in  atmospheric  air  than  in  oxygen;  and  less  also] 
is  necessary  in  this  last  mentioned  gas,  in  proportion  aa  i 
the  pressure  is  reduced.  Phosphorus  melts  at  108°,  and  ' 
inflames  at  148°.  At  550°  it  l>oi!s,  and  may  be  purified  i 
by  distillation  from  a  retort  filled  with  hydrogen  gas,  re-  | 
ceiviog  the  product  under  water. 

When  sprinkled  with  powdered  sulphur,  carbon,  fluo- 
ride of  calcium,  carbonate  of  hine,  and  various  other  bo- 
dies, and  placed  in  a  receiver  from  which  the  air  is  sulv 
sequently  exhausted,  phosphorus  inflames.     Professor  A. 
D.  Bache,  who  has  much  enlarged  the  hst  of  substances  j 
capable  of  producing  this  result,  has  succeeded  in  in-  ' 
flaming  phosphorus  in  an  exhausted  receiver  by  envelop-  ' 
ing  it  in  muslin,  or  in  paper  pierced  with  small  holes.  . 
He  conceives  that,  with  the  exception  of  bodies  csc^ 
cising  a  chemical  aflinity,  as  in  the  instance  of  sulphur, 
the  substances  associated  with  the  phosphorus  act  lue- 
chanically,  and  have  upon  it  no  other  effect  than  that  of 
promoting  its  union  with  the  oxygen  remaining  in  the  re- 
ceiver.   This  opinion  is  corroborated  by  the  fact  that  the 
removal  of  the  air  may  be  too  rapid,  or  too  complete,  to 
produce  the  inflammation. 

Phosphorus  may  be  crystallized  from  its  solution  ia 
boiling  naphtha,  by  gradual  refrigeration.  Like  sulphur, 
phosphorus,  in  volatilizing,  produces  a  feeble  light,  with- 
out entering  into  any  chemical  combination.  Water  ia 
which  phosphorus  has  been  kept,  oxygen  being  excluded,,] 
acquires  the  power  of  shining  when  agitated.  The  ad- 
mission of  air  destroys  this  phosphorescent  property- 
Phosphorus  is  oxidized  by  the  action  of  nitric  or  nitroso- 
nitric  acid,  and  converted  into  phosphoric  acid. 
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""220.  Experimental  Illu&trations  of  the  Properties  of 
Phosphorus. 

Phosphorus  exhibited,  and  iiiflatiied  by  friction  or  a 
entle  heal.  Luminous  appearance  in  the  dark.  Com- 
ustion  in  oxygen,  and  in  nitrous  and  nitric  oxide. 

Anomalous  combusliou  of  phosphorus  consequent  to 
irefaction. 

221.  Combustim  of  Phoapkons  in  Nitric  Oxide. 

Tlie  backwardness  of  the  gnscous  oxides  of  nilrogen  to  part  with  their 
:ygeii  to  substances,  under  circuniatancea  in  which  it  would  be  readily 
elded  by  atmospheric  nir,  has  been  already  mentioned,  and  a  method  of 
ualrating  it  has  been  described,  page  227.  The  opposite  engraving  re- 
cscnla  on  apparatus,  which  may  be  u^jed  to  extend  the  illustration  to  ni. 
iC  oxide,  wbich,  producing  a  corrosive  I'ume  of  nitrous  acid  by  admisturo 
lib  oxygen,  cannot  be  employed  in  apparatus  requiring  the  aid. of  ati  air 
imp,  without  corroding  the  metal  of  which  such  instruments  are  partially 
instituted.  The  apparatus  in  question  is  nearly  the  same  as  that  used 
r  the  separation  of  nilrogen  from  atmospheric  air.     There  are,  however, 

this,  two  additional  tubes;  and  (he  bell  employed  19  without  any  cap  or 
■ck.  The  cock  at  A,  to  which  a  gum  elastic  bag,  supplied  with  oxygen 
IS,  is  attached,  communicates  with  a  pipo,  which  descends  within  close 
ong  the  inner  side  of  the  cylindrical  copper  vessel  till  it  reaches  the  bot- 
iiD,  then  bends  at  right  angles,  and  proceeds  along  the  bottom  of  the  ves- 
1^1  till  it  reaches  the  copper  pipe  in  the  axis  of  the  vessel.  Next  it  bends 
;  right  angles  npwards,  and  ascends  vertically  in  close  contact  with  the 
ipe,  (ill  it  reaches  the  cojijicr  cup,  g,  by  which  the  pipe  is  surmounted. 

is  there  so  recurved  as  to  overhang  and  direct  its  orifice,  (,  downwards 
ito  (he  cavity  of  the  copper  cup. 

Aitothor  lubo,  w,  proceeds  from  its  junction  with  a  screw  and  cock,  C', 
n  ihc  other  side  of  the  vessel,  and  descends  to  the  bottom,  rising  again, 
ke  the  tube  above-mentioned,  along  the  central  pipe,  till  it  reaches  some. 
'hal  above  the  brim  of  the  cud,  where  it  terminates  without  a  curvature. 
liter  (he  proper  quantity  of  phosphorus  have  been  placed  in  the  cup,  the 
Imo^beric  air  may  be  allowed  to  escape  from  the  bell  glass  through  the 
ock,  C,  by  sinking  it  into  the  water,  with  which  the  vessel  must  have 
een  filled  nearly  to  the  brim.  The  air  being  expelled,  and  a  communioa. 
on  made  wi(h  a  self- regulating  reservoir  of  nitric  oxide,  by  menus  of  the 
«ible  Icudori  (ubo  altaclicd  to  llie  cock  for  (hat  purpose,  the  bell  may  be 
upplied  with  a  quunlity  of  this  gas,  sufficient  to  occupy  about  (wo-lhirds 
fits  capacity.  The  cock  being  then  closed,  and  the  communication  wilh 
■Kfcservdr  interrupled,  a  reit-hot  iron  must  be  introduced  through  the 
ere  of  the  central  pipe,  p,  till  it  touches  (ho  cup.  For  this  purposB,  it  is 
fcuurse  necessary  dial  (he  apparatus  should  be  upon  a  table  wilh  a  sutt- 
ee aperture,  and  of  a  height  sulhc'ient  to  allow  the  iron  to  enter  the  ori- 
»  of  the  pipe,  p.  '\ 

Although  by  the  heat  of  the  incandescent  iron,  the  phosphorus  will  be  ] 

Kd,  no  combustion  will  ensue,  until,  by  opening  a  communication  with  j 

tEUin  elastic  bag,  a  small  quantity  of  oxygen  is  allowed  to  enter.     But  j 
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no  sooner  ia  ihis  permillcd  lo  take  place,  ihan  a  moat  brilliant  and  almoel 
explosive  evolulioa  of  heat  and  light  easitcs.  A  higher  lemperaturc  is 
requisite  lo  ignite  phosphorus  in  nitric  than  in  nitrous  oside. 

222.  Reaction  of  Phosphorus  mtk  Nitrosa-mtric  Add. 
rr  into  a  tall  tube  oC  abciit  an  inch  and  a  half  in  dianutcr,  and  fifteen 
inches  in  height,  some  strong  nitric  aciil  be  inlrodiiwMl,  and  abogl  five 
grains  of  phosphorus,  a  reaction  wilt  ensue,  which  is  invariably  energeiic, 
nnd  sometimes  explosive.     The  phosphorus  abstracting  oxygen,  the  ucid 
'  "     >  nitric  oside  gas  and    nitrous  acid  vapour,  nhich  wp 
copiously  evolved,  so  aa  lo  fill   (be  Upjier 
jNirt  of  the  lube,  and  overflow  it  willi  a 
boauliful     red     lume.     MeamvliUe,    vivid 
flashes  arise  from  the  oxygenation  of  the 
jihosphorus,  and  pieces  of  it  are  O00BsioD> 
ally  thrown  up  into  the  gas  in  the  tub^ 
where  n  vivid  combustion  ensues  beiweca 
the  |)hosphonis,  and  the  oxygen  of  the  ni- 
tric oxide  gas  or  nitrous  acid. 

The  residua!  nitric  acid  will  be  found 
inlcrminglcd  with  phosphoric  acid. 

Latterly,  in  performing  this  experiment 
I  have  surrounded  the  lube  with  a  very 
stout  glass  cylinder,  and  another  nf  wire 
gauze;  as  ujion  one  occasion  a  violent  ex- 
plosion took  place,  which  did  much  da- 
mage to  my  apparatus.  If  the  phosphorui 
be  reduced  into  small  fragments,  toe  risk 
of  an  explosion  is  increased.  Heating  the 
acid,  before  the  addition  of  the  phosphorus, 
urcs  an  cxjilosive 


Application  of  Pkospborua  to  EudiotMry. 

One  of  the  raciat  aimplo  modoH  of  ascertaining  the  quaDtilj  of  oxygen  in  lite  a^ 

JB  to  introduce  into  ■.  grnduuted  tube,  Bls.ndins  uvcr  wtter,  and  conlaininf  IW 

~   '     netiek  of  |)liosphorus,  supported  by  a  wire.     The  phoephorot  •Tnlj 

ves  in  Uio  nitrogen,  und,  combining  with  the  oxygen,  condenses  wilh  it,  wl 

I  a  correS]ionding  ulnorplion  of  Iha  wnler.     Wbea,  bv  tlicae  meani,  Ibe  otf- 

i  all  removed,  the  ijiientity  of  nitrogen  reiDaioing  will  be  known  by  iDi|i«lig| 

'■""  "   ''*  ■"    "'        nmbeta 


the  giaduition.    The  difierence  b 


meiiDrea  tn.ken,  ii  the  qnantit;  of  orjijren  present. 


a  quantity  and  lUO,  Ibe  n 
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983.  A  Simple  Alinorpheric.  Eudiomttfr  htj  Pholphorut. 

Ifa  cylinder  of  pliOBphoruB  be  supported  upon  & 
wiiB  (oG  represgnlfid  in  the  adjoining  cut,)  within  a 
g\aa»  mnltoBBi  inTectod  in  ajar  of  water,  tJie  axjgea 
□f  the  included  air  is  ^dually  abBorbed,  In  order 
to  determine  the  quantity  of  oxygen  in  tlie  air,  we 
have  ouly  to  asaertoin  the  ratio  of  llie  quuiUty  of 
^Bs  absorbed,  to  the  nliole  quantity  of  ur  included 
in  Ibe  matraas  al  the  commence  mint  of  the  prooeti. 

This  ot^cct  mar  be  atlaiaed  by  wei|;hiD2  tiio  nil- 
Inisg  when  full  of  wator.  and  ivnen  containing-  tbat 
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As  the  whole  content  to  the  quantity  which  compen- 
aates  the  absorption,  lo  is  10l>  to  the  quantity  of  oxy- 
gen in  JOU  parti  of  the  atmoaphero. 

If  the  neck  of  a  tooboI  of  IhiB  kind  hold  about  one- 
fourlli  a»  much  as  tile  bulb, — by  graduating  the  nock, 
•a  Quit  each  division  will  represent  a  hundredth  part  of  tlie  whole  capacity,  the  re- 
■olt  may  be  known  by  iaspcclion. 

Kudiometricol  processeii  by  tho  slow  conibualion  of  |iliDE)ihorus  are  tedious,  re- 
hiring many  days  to  complele  them,  and  conacqaenlly  the  aid  of  barometrical 
observatioDH  to  ascertain  and  allow  for  any  intervening  chnngOB  in  atuiospberic 
pTBUure. 

I(  ii  Blloged  that  nitrogen  is  enlarged  onc-fortielh  of  ill 
which  it  diBsolveii.    This  ia  to  be  deducted  ii 

The  aclioQ  of  the  phwphorus  may  bo  nccoleraled  by  henl;  but  in  llml  case  Iha 
optitalion  must  be  iierrormod  over  mercury^  and  the  inaiiipulation  will  be  found 
troublesome  and  precarious. 


224.   Volumescope  for  the  Analysis  of  Atmo!qiheric  Air  hij  Phoxphorvs.   ' 

At  page  233,  nrticle  SOS.  n  voliinicscopo  ia  described  for  showing  ilio 
diminution  of  bulk  in  fivo  volumes  of  atmospheric  mr,  coDsequeol  lo  the 
admixture  of  oilric  oxide. 

The  same  apparatus  may,  with  some  modification,  be  employed  to  show 
the  HlmtDution  of  volume  resulting  from  the  combustion  of  phosphorus. 
This  object  is  efTected  by  associating  with  the  volumescope,  the  apparatus 
employed  for  liie  combustion  of  phosphorus  in  oxyj^en,  page  167,  article 
15T.  For  this  purpose  the  volumescope,  instead  of  being  situated  over  iho 
poeumatic  cistern,  should  be  placed  in  a  small  tub,  into  the  bottom  Af 
which  is  inserted  a  tube,  supporting,  at  the  upper  extremity,  ihe  cup  for 
Ihe  phosphorus.  The  phosphorus  being  placed  in  the  cup,  and  water  in 
'"  ■  '  ,  this  liquid  is  raised  by  an  air  pump,  until  no  more  than  five  vo- 
jf  air  remain  in  the  cylinder. 
The  phosphorus  is  than  ignited  by  means  of  a  red-hot  iron,  and  the 
Vprocess  conducted  ns  already  dascrlbed,  page  317,  nrliclo  194. 

Aa  soon  as  the  expansion  resulting  from  ihe  lieal  cf  llit;  combustion 
(Ues,  it  will  be  seen  that  a  liltje  more  than  one  vulume  out  of  the  five 
jB  been  condensed. 
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COMPOUNDS  OF  PHOSPHORUS  WITH  OXYGEN. 

These  compounds  are  four  in  number;  one  oxide,  oxide 
of  phosphorus^  and  three  acids,  hypophosphorous^  phospho- 
rous^ and  phosphoric  acid.  Their  composition  is  as  fol- 
lows : — 

Three  atoms  of  i  with  one  atom  of  oxygen,   equivalent 
phosphorus,     <      8,  form  oxide  of  phosphorus,  equiva- 
equivalent  48,   f      lent  56. 

with  one  atom  of  oxygen,  equivalent  8, 
form  Jiypopbosphorous  acid,  equiva- 
lent 40. 
Two   atoms   of  J  with  three  atoms  of  oxygen,  equivalent 
phosphorus,     \      24,  form  phosphorous  acid,  equiva- 
lent 56. 
with  five  atoms  of  oxygen,  equivalent 
40,  form  phosphoric  acid,  equivalent 
72. 


equivalent  32, 


Of  Oxide  of  Phosphorus.  . 

When  phosphorus,  melted  under  hot  water,  is  subjected 
to  a  jet  of  oxygen  from  a  tube  with  a  capillary  orifice, 
oxide  of  phosphorus  and  phosphoric  acid  are  produced. 
The  acid  dissolves,  and  the  oxide,  being  at  first  suspended 
in  the  water,  subsides  subsequently  in  red  flakes.  This 
oxide  is  insipid  and  inodorous.  It  is  not  luminous  in  the 
dark,  even  wlicn  rubbed.  At  a  heat  a  little  below  redness 
in  close  vessels,  it  is  deconi{)osed  into  phosphoric  acid  and 
phosphorus.  If  the  air  be  admitted,  phosphoric  acid  is 
the  sole  product.  The  oxide  of  phosphorus  takes  fire 
spontaneously  in  chlorine,  producing  the  perchloridc  of 
phosphorus  and  phosphoric  acid.  It  is  inflamed  by  the 
action  of  nitric  acid.  With  chlorate  of  potash  it  explodes 
violently:  also  with  nitrate  of  potash  previously  warmed. 
The  white  matter  with  which  phosphorus  becomes  coated 
when  kept  in  water,  and  which  is  generally  supposed  to 
be  a  hydrate  of  the  oxide,  is  stated  by  Thenard  to  be  a 
hydrate  of  phosphorus.  '  l" 

225.  Production  of  Oxide  of  Phosphorus  experimentally  illustrated^ 

Production  of  oxide  of  phosphorus,  by  the  reaction  of  oxygen  withtfip- 
substance,  while  in  fusion  under  hot  water. 
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Of  Hypophosphorous  Acid. 
[This  acid  may  be  formed  by  the  action  of  water  on 
the  phosphurc-t  of  barium.  By  a  new  arrangement  of  the 
reacting  elements,  there  become  ibrmed  pliosphuretted 
hydrogen,  phosphoric  and  tiypophosphorous  acid,  and 
baryta.  The  acids  generalpd  unite  with  the  baryta,  form- 
ing a  phosphate  and  hypophosphite,  the  latter  of  which 
alone  is  soluble.    Tlie  hypophosphite  of  baryta  is  then 

I  decomposed  by  means  of  sulphuric  acid,  which"  precipi- 
tates the  baryta,  and  sets  the  acid  free. 
Hypophosphorons  acid,  as  thus  obtained,  is  in  the  form 
of  an  aqueous  solution,  which  may  be  concentrated  so  as 
p  become  a  viscid  liquid,  liiglily  acid  and  even  crysialli- 
zable.  This  acid  is  a  powerful  deoxidizing  agent.  It  forms 
numerous  salts,  all  of  which  are  soluble  in  water.]    ^,,  ;/fy- 


I 


i 


Of  Phosphorous  Acid. 

This  acid  has  been  generally  considered  as  the  product 
of  the  slow  combustion  of  phosphorus  with  atmospheric 
oxygen;  but  Thenard  alleges  that  this  product  is  a  pecu- 
liar acid,  inteimediate  in  its  degree  of  oxidation  between 
phosphorous  and  phosphoric  acid,  and  to  which  he  has 
given  the  name  of  hypophosphoric  acid.  Phosphorous  acid 
may  be  procured  by  passing  vaporized  phosphorus  over 
corrosive  sublimate  heated  in  a  tube.  Chloride  of  phos- 
phorus results,  which,  by  reaction  with  water,  produces 
chlorohydric  and  phosphorous  acids.  The  chlorohydric 
acid.  Iwing  more  volatile,  may  be  expelled  by  heat. 

Phosphorous  acid  is  a  colourless,  inodorous,  crystalline 
substance,  possessing  a  pungent  taste,  and  reddening  lit- 
mus paper.  Like  hypophosphorous  acid,  it  possesses 
powerful  deoxidizing  properties.      -    .  r? 

Oy  Phosphoric  Acid.  *™  * 

Prejjaralian. — Phosphoric  acid  may  be  obtained  by 
adding  sulphuric  acid  to  phosphate  of  baryta,  suspended 
in  water.  The  sulphuric  acid  unites  with  the  baryta, 
forming  an  insoluble  salt  which  precipitates,  while  the 
pliosphoric  acid  remains  in  solution.  When  phosphorus 
gradually  added  to  nitric  acid,  phosphoric  acid  is  gene- 
ted,  and  remains  mingled  with  the  residual  nitric  acid. 
"  •operties. — Phosphoric  acid  is  an  inodorous,  colour- 
'' id  liquid,  possessing  in  a  high  degree  the  property 


I 
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of  reddening  litmus.  It  cannot  be  obtained  free  froca 
water.  When  exposed  to  a  red  heat  and  afterwanb 
cooled,  it  forms  a  transjiarent  brittle  glass.  This  fusion 
should  be  effected  in  a  platinum  crucible;  Bince  phospho- 
ric acid,  when  heated  to  redness,  attacks  cither  glass  or 
porcelain.  The  acid,  if  examined  after  this  exposure  to 
heat,  is  found,  although  its  composition  remains  the  saiDdt 
to  have  acquired  new  properties.  On  this  account,  the 
name  of  paraphosphoric  has  been  given  to  it;  while  tlH 
term  phosphoric  is  applied  to  designate  the  acid  in  the 
state  first  described.  Nitrate  of  silver  yields  with  phos- 
phoric acid  a  yellow  precipitate;  with  paraphosphoric 
acid  a  white  one.  Albumen  is  coagulated  by  the  latter, 
but  not  by  the  former. 

Solid  paraphosphoric  acid,  when  exposed  to  the  air,  de- 
liquesces, and  is  in  a  few  days  converted  into  phospho- 
ric acid.  The  same  change  is  produced  in  a  short  time 
by  boiling  water.  The  solid  white  flakes  which  are  ob- 
tained during  the  quick  combustion  of  phosphorus  with 
oxygen,  consist  of  paraphosphoric  acid.  It  may  likewise 
be  produced  by  fusing  the  biphosphatc  of  soda,  whicli  by 
these  means  is  converted  into  a  paraphosphate.  Mr. 
Graham,  who  has  made  a  number  of  interesting  experi- 
ments on  this  subject,  states  that  the  acid  which  is  con- 
tained in  fused  phosphate  of  soda,  is  a  third  species  nl' 
phosphoric  acid,  which  coincides  in  composition  with  the 
others,  but  not  in  properties.  To  this  species  he  has 
given  the  name  of  pyrophos/thoric  acid. 

To  bodies  which  possess  different  properties,  while  con- 
taining the  same  number  of  atoms  of  the  same  elements, 
and  having  the  same  atomic  weight,  the  term  isoiiteric 
has  been  applied.  Thus,  phosphoric,  paraphosphoric,  anil 
pyrophosphoric  acids  are  said  to  be  isomeric  bodies. 

Of  the  Chlorides  of  Phosphorus. 

It  has  been  shown,  article  103,  that  phosphuru.s  burna  spoDttincousI]' 
in  chlorine.  If  the  chlorine  ho  in  excess,  the  porchlorido  is  fonnoO  j  ifihu 
phosphorus  be  in  excess,  [he  sesquichloridc  is  obtained.  The  seaayieki^ 
ride  is  a  transparenl,  colourless,  fuming,  inflammnble  liquid,  heavier  that 
water,  nnd  havin-j  a  Uisagreeable  smell.  When  brought  into  contact  wilh 
water,  a  reciprocal  dtconn position  lakes  place,  luid  chlorohydric  onO  pbt* 
phorous  acid  ore  produced.  The  perchloride  is  a  while,  crytstalliaCt  iOu 
nammable  Iwdy,  which  is  converted  into  lopour  rI  a  lempcraluw  PRldi^ 
below  212°.  It  formsa  ntnitral  compound  with  ammonia,  and  itsv^p4^,ii 
is  alleged  lo  redden  dry  litmus  paper.     Hence,  by  soine  chcmieU!  4*  i*  | 
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considered  as  an  acid.  I  doubt  whether  litmus  paper  is  ever  reddened  by 
an  acid,  unaided  by  water.  The  porchloride  and  water  d(xx)m]K)so  each 
other,  forming  phosphoric  and  chlorohydric  acid.  The  chlorine  bears  the 
same  ratio  to  the  phosphorus  in  these  chlorides,  as  the  oxygen  bears  to  the 
phosphorus  in  phosphorous  and  phosphoric  acid. 

§ 

Of  the  Bromides  and  Iodides  of  Phosphorus. 

The  sesqtdhromide  is  a  yellow  fuming  liquid;  the  perhromide^  a  crys- 
talline volatile  solid.  In  their  reaction  with  water  and  composition,  they 
asrce  with  the  chlorides  of  phosphorus.  Iodine  appears  to  combine  with 
piiosphorus  in  almost  every  proportion.  There  arc,  however,  at  least  two 
definite  combinations,  which  correspond  in  composition  with  the  chlorides 
and  bromides. 

Of  the  Sulphides  and  Selenides  of  Phosphorus^  commonly  called  Sulphu- 

rets  and  Seleniurets. 

When  phosphorus .  is  melted  with  sulphur,  or  when  sprinkled  with  it, 
and  placed  in  a  receiver  from  which  the  air  is  subsequently  withdrawn, 
(sec  page  262,)  a  sulphide  of  phosphonis  is  formed.  This  sulphide  may 
consist  of  various  proportions  of  its  ingredients,  according  to  the  cir- 
cumstances under  which  it  is  produced.  Sometinncs  it  is  liquid,  some- 
times solid. 

Selenium^  like  sulphur,  combines  with  phosphorus  in  almost  every  pro- 
portion. The  sulphides  and  selenides  of  phosphorus  are  decomposed  by 
water. 

The  incorporation  of  sulphur  with  phosphorus,  when  effected  by  heat, 
is  sometimes  productive  of  explosion;  and  the  resulting  mass  is  sponta- 
neously inflammable  in  the  air. 

if 

COMPOUNDS  OF  PHOSPHORUS  WITH  HYDROGEN. 
Of  Protophosphuretted  Hydrogen, 

Protophosphurettcd  hydrogen  may  be  obtained  by  heating  a  concen- 
trated solution  of  phosphorous  acid,  or  by  adding  phosphorus  to  the  mate- 
rials for  generating  hydrogen. 

Properties. — It  is  a  colourless,  inflammable  gns,  with  an  rxJour  similar 
to  that  produced  by  the  combustion  of  arsenic.  Und<;r  the  ordinary  pres- 
sure of  the  atmosphere,  protoj)hf>sphuretted  hydrogen  doe*j  not  inflame 
spontaneously  wAh  oxygen;  but,  if  the  pr-*ssuni  U;  reducr^d  aUjut  one- 
third,  combustion  ensues. 

On  meeting  nith  oxygGBf  this  gas  U'cornf*s  luminous  in  the  dark,  in 
consequence  of  the  slow  combustion  of  tli';  pho-phorus :  llioij;^h  i\¥i  Iteat 
evolved  Ls  inadequate  to  inflame  the  hydrou"-n.  If  tlie  pnjrirr.ss  for  prf>- 
ducin^  the  philosophical  condlf-,  d'-<crily.-d  in  arlirk-  170,  U;  r»:fKrat*:d  with 
the  addition  of  cr^mniinul*.'!  ph'r»pliorus  to  the  iiiaVrrifih,  \tT<*Ut\}htts\t\\\iV'iUA 
hydroijen  will  Ix*  ^'neratol,  and,  r-:^c<'iping  into  the  air,  will  pr^yJuce  u  yA 
luminous  in  the  dark. 

Of  Perphojfphurettid  Hydrogen. 

Perphosphu  retted  hv'ir-.iren  rnay  be  prod'-Kyr^l  by  tFk;  f*»ct ion  of  chlon-i- 
hydric  acid  with  th*f  jib-.~;»rj  jrt  of  cal./jffj.  wfj:-h  .■:  fA/n'itt'A  bv  s»jbj'Tt- 
ing  lime  to  the  vapj.ir  ^-f  :ih>phorJs  a:  a  W.'/ii*.  t'A  li^-^tl  in  fj  ;^ if.-/: lain 
oroottted  class  tube.     Trie  ^as  rriav  also  \/s  '•\o]v*;*J  \i\  fK^atin^  in  a  rr* 
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4brf*  •i  vtoa-     Tm  locjRiii'.nK  mi'.^^  x  »aK£  fine 

firm  jjiS«a;'je  *"ii  die  «MriOKans-ic  ^«;*?=i  «'  ii»t  raia'-     Br 
for  tte  pJa-Jt^A-jt-j*.  *ud  •!!»  !afs»:  '^*  -j?  x-irjt^inj--^  lit  tBLji 

>  (MTUoo  'W  liK  ^^ji^^jT-jE,  sad  foTEiE  TKT^^KK^imi^Kd  brdivg 

lag  jKTpUMfAanoui  byirrig^^ 


TIk  Uak  oT  tbe  rcturt  being  depmeed  below  tbe  Enr&ce  oT  the  mer- 
miry,  '9u;h  bubble,  ait  it  escapes  into  ibe  aiiiH»pbei«,  explodes.  It  pn> 
()ui>9i  at  t)K.-  Mtine  titoe  a  dazzling  flash,  whicb  is  IraBsfoniied  into  a  beiu- 
tiful  WFfcatb  of  wiKik';,  consifiting  of  ai^ueous  vapour  and  pbo^pbonc  ici. 
cmled  by  lb*;  onygiination  of  [be  hydrogen  and  phosphorus.  Eari 
wpath,  SH  it  risett,  expands  in  diameter,  and,  when  the  bubbles  suci»<l 
each  <a\¥:t  quickly,  a  seriea  of  them  may  be  seen  in  tbe  air  ai  the  sane 

ProperlitM. — PerpbOBphu relied  hydrogen  is  a  colourless  gas,  possessi^ 
sn  alliacHiuK  smell,  and  a  bitter  laste.  Water  dissolves  it  in  small  quu- 
lity,  Turming  a  yellow  nolution,  which  has  a  bitter  taste,  and  a  smell  m 
semliling  that  of  the  gnu.  When  this  gas  is  brought  in  contact  with  oit- 
gen,  or  atnvwpheric  air,  it  explodes  with  a  loud  noise  and  a  vivid  &^; 


Tbe  same  mixture,  it 
ly,  and  without  the  erohi- 


_      _^  1  cilber  by  heat,  by  fle 
poftssor  Rose  considera  pro- 


)  phosphoric  acid  a 
narrow  lubes,  undi-rg'c^  a  similar  chai 
tiiin  ofhiDit  and  light. 

I 'crpboHphu rotted  hydrogen  may  be  dw 
electric  spark,  or  by  the  rays  of  the  sun. 

Ifiphosphurettnd  and  perpbosphuretted  hydrogen  as  isomeric,  and  of« 
nimilur  in  composition,  though  difTercnt  in  properties,  ir  the  opiniMu  <f 
Hiwe  arc  correct,  one  shoultl  be  calfed  phosphuretied  hydrogen,  the  other 
pamphnsphn retted  hydrogen.     Sec  article  on  phosphoric  acid,  page  267. 

('hemisls  do  not  agree  in  their  statements  respecting  the  compo^tion  of 
the  compounds  of  hydrogen  with  phosphorus. 
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S96.  MeAod  qfexhiUting  the  It^fUmmatum  ofSmaU  Parti&iu  of  Oa$. 


This  figure  illustrates  an  advantageous  employment  of  the  slidmg  rod  eadiome- 
Tf  in  exhibiting  the  spontaneous  combustion  of  phosphuretted  hydrogen,  the 
dendid  colour  of  the  flame  of  cyanogen,  and  other  experiments,  whore  uie  com- 
istible  character  of  a  small  quantity  of  gas  is  to  be  shown. 

For  the  experiments  in  question,  the  instrument  is  charged,  agreeably  to  the  mode 
zeadv  described  in  the  case  of  tlio  eudiometers,  by  introducing  the  apex  into  any 
sll  glass  or  other  vessel  holding  the  gas,  and  drawing  out  the  rod;  by  which  b 
>rtion  of  the  gas,  equivalent  in  bulk  to  the  part  of  the  rod  withdrawn,  enters  the 
leeiver  of  the  eudiometer  through  the  hole  in  the  apex. 

The  receiver  being  then  removed  from  the  bell  glass,  and  held  up  in  a  position 
ivourable  for  observation,  the  rod  is  slowly  returned  into  its  tube,  so  as  to  expel 
le  gas  in  a  jet  suitable  for  inflammation. 

In  the  case  of  perphosphuretted  hydrogen,  the  gas  burns  spontaneously  as  soon 
I  it  escapes  from  the  apex.  In  the  case  of  other  inflammable  gases,  inflammation 
;  produced  by  the  flame  of  a  taper. 


SECTION   IV. 
OF  CARBON. 

Nature  presents  us  with  the  most  beautiful  and  purest 
pecimens  of  this  substance.  The  diamond  is  pure  ear- 
on.  When  equal  weights  of  charcoal  and  diamond  are 
Bverally  exposed  to  the  focus  of  a  powerful  lens  in  oxy- 
en  gas,  included  in  diiSerent  bell  glasses,  they  are  both 
onverted  into  carbonic  acid-  In  like  manner,  when  dia- 
lond  powder  is  heated  with  nitre  or  iron,  the  effects  are 
nalogous  to  those  which  would  arise  from  charcoal. 

Carbon  is  very  abundant  in  nature,  in  the  various  kinds 
f  fossil  coal,  from  anthracite  or  plumbago,  in  which  it  is 
early  pure,  to  the  variety  called  candle,  or  cannel  coal, 
:hich  is  replete  with  bitumen.  In  bituminous  coal  there 
5  much  hydrogen.  Carbon  pervades  vegetable  and  ani- 
lal  matter  as  an  essential  element.  It  is,  especially,  a 
onstituent  of  the  fibres  of  wood. 

Until  of  late,  plumbago  was  considered  as  a  chemical 


%. 
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compound  of  iron  witli  carbon.  Berzcliiis  alleges  it  to 
be  carbon  mingled,  but  not  combined,  with  iron  and  other 
impurities- 

I  ascertained  that  anthnicite,  when  completely  burned 
in  oxygen  gas,  produced  no  diminution  of  volume,  ths 
products  being  water  and  carbonic  acid.  I  infer,  there- 
fore, that  the  combustible  portion  of  this  coal  consists 
almost  solely  of  carbon,  imited  with  hydrogen  and  oxy- 
gen in  the  proportion  for  forming  water. 

Plumbago  is  sometimes  found  in  the  form  of  hexagonal 
crystals. 

Preparation. — In  the  laboratory,  charcoal  is  obtained, 
sufficiently  pure,  by  heating  wood  intensely  in  close  ves- 
eels.  In  the  large  way,  it  is  procured  by  igniting  large 
quantities  of  wood,  so  covered  with  earth,  that  the  access 
of  air  may  be  at  first  controlled  and  afterwards  prevented. 

Coke  is  obtained  from  bituminous  coal,  by  a  procea 
analogous  to  that  employed  for  obtaining  vegetable  cha^ 
coal,  which  it  resembles  in  chemical,  though  not  in  me- 
chanical properties. 

Properties. — Carbon  is  inodorous,  insipid,  and  usually 
black.  Charcoal  of  wood  is  one  of  the  best  radiators, 
and  worst  conductors  of  heat.  There  is  reason  for  be- 
lieving this  peculiarity  to  result  from  its  excessive  poro- 
sity; as  in  the  form  of  anthracite,  carbon  conducts  heat 
better,  and  probably  radiates  it  worse.  Charcoal  is  highlj 
susceptible  of  galvanic  ignition. 

Next  to  the  metals,  charcoal  is  the  best  conductor  of 
electricity.  It  appears,  from  the  experiments  of  Professor 
Silliman,  that  charcoal,  when  esposed  to  the  influence  ti 
a  powerful  Voltaic  series,  undergoes  fusion  and  volatili- 
zation, so  as  to  be  transferred  from  the  positive  to  the 
negative  pole,  on  which  it  forms  a  projection. 

Charcoal,  when  intensely  ignited  without  acces8  of 
air,  becomes  denser,  harder,  and  a  good  conductor  of 
heat.  Substituting  animal  products  for  those  of  vegeta- 
tion, in  the  usual  process  of  carbonization,  animal  char- 
coal  is  obtained.  It  does  not,  hke  the  coal  of  vegetaMe 
substances,  retain  the  form  of  the  bodies  from  which  it 
may  be  procured,  and  is  replete  with  cavities,  created  by 
the  escape  of  the  gaseous  elements  associated  with  it  la 
tlifi  nrqanic  state.  It  has  a  grayish-black  colour,  aod  a 
^y  resembling  that  of  plumbago. 


^^ 


CARBON.  373 1 

!arboD  is  precipitated  in  various  forms  from  coal  gas; 
)Dg  others,  in  that  of  loDg  brittle  filaments,  associated 
utts,  resembling  locks  of  hair.  The  specific  gravity  of 
bon,  in  the  state  of  diamond,  or  in  that  of  common 
rcoal,  when  examined  in  the  pulverulent  form,  so  that 
result  shall  not  be  affected  by  the  numerous  cavities 
ting  in  it  when  in  mass,  is  about  3.5.  The  apparent 
tness  of  charcoal  is  caused  by  its  porosity.  The  spe- 
;  gravity  of  anthracite  docs  not  exceed  1.6;  that  of 
nbago  is  2.32;  yet  they  are  both  much  more  compact 
3  charcoal,  and,  in  proportion  to  the  space  occupied 
them  in  mass,  obviously  much  heavier- 
!arbon,  under  some  circumstances,  appears  to  have  a 
iscendent  affinity  for  oxygen.  In  its  ordinary  state 
quires  a  temperature  above  redness,  in  order  to  exhi- 
this  affinity — in  other  words,  to  burn.  In  proportion 
t  becomes  denser  and  more  pure,  we  find  it  more  dif- 
It  to  ignite. 

Hiiis  the  susceptibility  of  ignition  increases  from  the 
uond  to  tinder  in  the  following  order: — Diamond, 
nbago,  anthracite,  coke,  charcoal  of  hard  wood,  char- 
I  of  soft  wood,  tinder. 

D  some  forms,  and  when  mixed  with  certain  metals, 
I  or  antimony  for  instance,  as  when  obtained  by  car- 
izing  Prussian  blue,  or  tartrate  of  ammonia  and  anti- 
ly,  it  takes  fire  spontaneously  at  ordinary  tempera- 
;s. 

kccording  to  Despretz,  carbon,  during  its  combustion, 
Ives  sufficient  caloric  to  melt  one  hundred  and  five 
es  its  weight  of  ice.  It  is  not  to  be  inferred  that  this 
rue  of  carbon  in  all  its  forms. 

terzelius  aUeges  that  the  same  degree  of  heating  power 
lot  possessed  by  every  kind  of  charcoal ;  some  of  its 
ns,  according  to  him,  producing  much  more  heat  in 
ning  than  others.  This  I  should  not  believe  without 
elusive  evidence. 


the  Decolorizing  and  Disinfecting  Power  of  Charcoal. 
xhoTi,  as  procured  from  organic  products,  especially 
ral  matter,  displays  a  great  power  to  combine  with^ 
precipitate  colouring  matters.     Hence  it  is  extei  i 
"  T  used  in  the  refining  of  sugar,  and  generally  im 
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raical  processes,  in  which  the  objecta  of  research  are  en- 
tangled with  colouring  matter.  This  power  .is  not  mhs- 
rent  in  elementary  carbon,  but  appears  to  be  due  to  its 
previous  associations,  or  to  some  peculiarity  of  arrange- 
ment, derived  from  the  process  of  carbonization. 

Animal  charcoal  is  much  more  efficacious  than  that  de^ 
rived  from  vegetables.  The  carbonaceous  mass,  obtained' 
by  igniting  blood  with  carbonate  of  potash,  appears  \a 
have  the  greatest  efficacy.  That  the  presence  of  an  ak 
kali  during  the  ignition  contributes  to  the  effect,  scemi 
to  justify  the  conjecture  that  cyanogen,  the  generation  o( 
which,  in  combination  with  the  alkali,  is  a  necessary  coai 
comitant,  has  some  agency  in  the  process.  Charcoal  ii 
a  powerful  antiseptic,  operating  efficiently  in  prescm'n| 
water  or  meat  from  putridity.  Moreover,  water,  re* 
dered  extremely  foul,  as  that  from  the  public  sewers,  mi 
be  purified  by  filtration  through  pulverized  charcoal, 
fact,  filters  are  now  extensively  manufactured,  in  whi 
charcoal  is  the  most  efficient  and  only  chemical  agent 
employed.  The  gravel,  sand,  and  sponge,  usually  asso- 
ciated with  it,  act  mechanically. 


Charcoal,  which  has  in  a  state  oC  ignition  been  submerged 
on  being  introduced  into  gaseous  substances,  condenses  into  its  pores  a 
quanlily  of  the  surrounding  aerirorm  matter,  whatever  it  may  be. 
quantity  condensed  varies  with  the  gas,  from  90  times  the  bulk  of 
cliarcoal,  as  in  the  case  of  ammonia,  to  1.75  times  its  bulk,  as  in  the 
of  hydrogen.     During  their  absorption,  the  gases  give  out  heat, 
more  in  proportion  to  the  rapidity  with  which  the  condensation  is  efle 
and  iT,  on  the  other  hand,  by  exposure  within  an  exhausted  receiver, 
gas  be  evolved,  cold  is  produced.     Charcoal,  thus  deprived  of  gas, 
sorbs  any  gas  exposed  to  it,  as  greedily  as  if  recently  ignited. 

This  faculty  of  absorbing  gaseous  substances,  is  impaired  by  humidity 
which  charcoal  is  prone  to  absorb  in  the  form  of  vapour,  allerwards  ai» 
densing  it  into  the  slate  of  water.  Water  partially  displaces  the  gutl> 
previously  absorbed.  " 

The  aeriform  fluids,  absorbed  by  charcoal,  are  expelled  by  beat  tt 
changed,  with  the  exception  of  sulphuretted  hydrogen  and  oxygen.  TW 
former  deposites  sulphur,  and  the  latter  is  gradually  converted  inia 
bonic  acid.  The  absorption  of  this  lost  mcntioued  principle  contintMi 
some  time,  but,  in  quantity,  1ms  not  been  found  to  exceed  14  tin 
volume  of  the  carbon.  In  a  rarefied  medium,  charcoal  absortM 
weight,  but  more  in  volume;  so  that  the  increased  resisloBce  of  the  g^, 
ariaiog  from  a  diminution  of  pressure,  counterects,  to  u  certain  eUenI,  ll| 
power  of  the  coal  to  condense  into  its  pores  a  certain  weight.  The  ptwKf 
'    '  ries  in  a  degree  with  the  number  and  mini '  '*'■* 
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pores  existing  iii  the  charcoal ;  of  course,  it  varies  witli  the  wood  by  which 
it  La  yielded.  Charcoal  of  box-wood  is  pre-eminent  in  absorbing  power; 
that  furnished  by  woods  of  a  lighter  kind  is  very  inferior  in  this  power. 
Plumbago  and  anthracite  have  no  capacity,  even  after  ignition,  to  absorb 
gases. 

In  the  property  of  absorbing  aeriform  fluids,  charcoal  is  not  singular. 
De  Saussurc  ascertained  that  diflercnt  porous  minerals,  and  many  kinds 
of  wood,  also  silken  and  woollen  stufis,  absorb  many  Unics  their  volume 
of  gas. 

When  porous  bodies  arc  placed  in  a  mixed  atmosphere  of  various  gases, 
ibey  are  nbsorjicd  in  proportion  to  their  reciprocal  attractions,  and  that  ex- 
ercised by  the  pores  of  the  substances  ennployed. 

A  mixture  of  oxygen  with  hydrogen  or  carbonic  acid,  is  more  copiously 
absorbed  than  either  when  alone;  yet  by  heat  or  exhatislion  they  are  libe- 
rated without  diminittion.  Nevertheless,  sulphuretted  hydrogen  and  oxy- 
gen, when  acted  upon  by  charcoal,  produce,  water,  aulphur  being  depo- 
sited. 

The  absorption  of  moisture  by  charcoal  and  oilier  porous  bodies  has 
long  been  noticed.  On  this  account,  it  is  diflicult  to  weigh  such  bodies 
without  an  increase  of  their  weight,  even  when  they  are  placed  in  the  scale 
while  ted-hot.  Those  aeriform  fluids  are  absorbed  to  the  greatest  extent, 
which  are  capable  of  assuming  the  liquid  state. 

These  facts  explain  the  augmenlalion  in  weight  received  by  charcoal 
exposed  to  the  air,  which  amounts  to  between  ten  and  twenty  per  cent. 

I  have  devoted  more  spae^  to  this  subject,  because  it  illustrates  a  pro- 
perly which  otherwise  might  not  be  sufKciently  considered.  It  forms  a 
peculiar  instance  of  mechanico-chemical  agency,  if  I  may  be  allowed  to 
use  a  new  word  to  express  the  idea.  Without  the  porous  or  cellular  struc- 
ture which  il  possesses  in  the  form  of  charcoal,  carbon  is  not  endowed 
with  either  disinfecting,  absorbing,  or  col  our- removing  powers;  and  yet 
il  is  evident  that  the  carbon  acts  in  charcoal  by  a  species  of  chemical  uf- 
finily,  unaided  by  which  the  cellular  structure  would  be  ineflicicnt  in  the 
processes  under  consideration.  As  respects  the  transmission  of  contagious 
or  iafectious  effluvia,  the  absorbing  power  of  porous  bodies  merits  atten- 
tion. 

1  believe  ihat  the  carbonaceous  mailer,  evolved  during  the  burning  of 
BOgar,  actually  neutralizes  those  fetid  emanations  which  it  is  cmploytd  to 
-Otnect  in  llie  chambers  of  the  sick. 

§  COMPOUNDS  OF  CARBON  WITH  OXYGEN. 

r  with  one  atom  or  half  a  volume  of  o.xygen, 
One  atom  or        eqttivalent  8,   forms  one  atom  or  one 
one    volume  J       volume  of  carbonic  oxide,  equivalent  14. 
of  carbon,    ]  with  two  atoms  or  one  volume  of  oxygen, 

Paivalent  6,         equivalent  IG,  forms  one  atom  or  one 
I  [^     volume  o[  carbonic  acid,  equivalent  22. 

Two  atoms  or  volumes  of  carbon,  equivalent  12,  with 
three  atoms  or  one  and  a  half  volumes  of  oxygen,  equiva- 
lent 24,  form  one  atom  of  o,rn/(V  acid,  equivalent  36. 
Two  other  compounds  of  carbon  with  o.Yygen  are  al- 
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legcd  to  exist;  one  called  mellitic,  the  other  croconic  add. 
The  former  contains  four  atoms  of  carbon  to  three  of 
oxygen;  the  latter  live  of  carbon  to  four  of  oxygen. 

(^Carbonic  Oxide. 
Preparation. — This  compound  is  produced  by  the  com- 
bustion of  carbon  with  an  inadequate  supply  of  oxygen; 
or  when  bodies  containing  carbonic  acid  are  heated  with 
certain  substances  having  an  affinity  for  oxygen.  Thus 
it  may  be  procured  by  heating  carbonate  of  lime  witi^ 
iron  filings.  The  best  process,  however,  for  oblaioing 
carbonic  oxide  in  a  state  of  purity,  is  to  heat  five  parti 
of  concentrated  sulphuric  acid  with  one  of  oxalic  acid; 
which,  being  deprived  by  the  sulphuric  acid  of  the  water 
which  is  essential  to  its  existence,  is  resolved  into  car- 
bonic oxide  and  carbonic  acid.  The  latter  gas  may  be 
removed  by  lime-water,  leaving  the  carbonic  oxide  in  a 
state  of  purity. 

^7.  Apparatus  for  separating  Carbonic  Jlctd  from    Carbonic   Ozide,  hj  Mcahi  4 
Thin  apparatus  ia  repreuented  by  the  opposite  Gn^avlng.     Lime  wntar  bcm^  ifr 


duffing  box  attached  toil,  through  which  the  tube,  D,  of  copper,  slideB  ur-lighL 
About  the  lower  end  of  this  tube,  the  neck  of  ■  gum  elulic  bue  is  lied;  ao  Ihil  Iht 
cavity  of  the  bog  may  communicate  with  that  of  the  tube.    The  neck  of  the  otiict 


bell  ia  fiirniabcd  with  a  cap  and  cock,  surmounted  bj  a  gallows  screw,  by . 

which  tho  leaden  pipe,  P  P,  with  a  braas  knob  at  the  end  suitably  peribrated,  nil; 
bo  futeneil  to  it,  or  removed  at  any  momont.  Buppoac  thia  pipe,  by  ud  oranotlur 
brus  knob  at  the  other  eilremitj,  to  be  attached  to  the  perforated  nOck  of  ■  taij 
tall  bell  gliuB  filled  with  water  upon  a  aholf  of  the  pneumatic  ciatom :  on  opnuDf 
&  oonmuDicalion  batween  tho  belli,  the  water  will  aubcide  in  the  tall  bell  glM 
OTer  Ihe  ciBtera,  and  the  air  of  the  bell  glaaa,  C,  being  drawn  Into  it,  Ibe  lime-mat 
will  riae  into  and  occupy  the  whole  of  tlie  space  within  tho  latter.  As  soon  ta  llat 
is  effected,  the  cocks  must  be  closed,  and  the  tall  bell  glass  replaced  by  a  nosll  iM 
filled  with  water,  and  furnished  with  a  gallowa  screw  and  cock.  This  bell  baiBf 
attached  to  the  knob  of  the  lead  pipe,  to  which  the  tall  bell  had  been  faaleneil  l» 
fore,  the  apparnluB  ia  reody  for  oso.  I  have  employed  it  in  the  new  proce"  ftl. 
obtaining  carbonic  oiide  from  oioUc  acid,  by  distillation  with  sulphuric  acid  in  *i 
glaaa  reloiL  The  eoseous  product  consisla  of  equal  Tolumea  of  carbonic  oiideu' 
carbonic  acid,  which,  being  received  into  a  IhII  glasa,  communicating, 
described,  by  a  pipe  willi  the  bell  gla^s,  C,  ma;  bs  (ronarerred  into 
through  the  pipe,  bj  opening  the  cocka.  As  the  gnaeous  miitum  enter 
C,  the  lime-water  subsides.  As  soon  as  a  sufficient  quantity  of  Uie  gas  hi 
the  gaseous  miiluro,  by  means  of  tlie  gum  elastic  bag  and  Ihe  hand,  niky  ba  nb-   I 

1' acted  to  repeated  ioU  of  lime-water,  and  thus  depurated  of  all  the  carbeoic  loli  J 
Jy  raising  tho  liquid  in  tho  outer  bell.  A,  the  purified  carbonic  oiide  maybe^fl 
Celled  through  the  cock  and  lead  pipe,  into  any  vessel  to  which  it  ma;  be  dr"~^^ 
le  to  have  it  iraoafcrred. 

Properties  of  Carbonic  Oxide. — Carbonic  oxide  is  a  co- 1 
lourless,  insipid  gas,  indecomposable  by  Iieat  or  electri-J 
city,  and  incapable  of  reddening  litmus.    Its  specific  gra-f 
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Tity  is  0.9727.  It  does  not  support  combustion  and  is 
destructive  to  life.  It  burns  with  a  feeble  blue  flame,  and, 
combining  with  oxygen,  is  converted  into  carbonic  acid. 
By  platinum  sponge,  a  mixture  of  oxygen  and  carbonic 
oxide  is  gradually  changed  into  carbonic  acid. 

228.  Experimental  Ilhislraiions. 
Carbonic  oxide  gas,  evolved  from  oxalic  acid  by  the  pro- 
cess above  mentioned,  and  collected  in  bell  glasses  over 
water.  Combustion  and  detonation  of  it  with  oxygen  gas, 
effected  by  means  of  a  sliding  rod  eudiometer,  or  volume- 
scope.  Subsequent  absorption  of  the  resulting  carbonic 
acid  by  lime-water,  shown. 

Of  Carbotiic  Acid> 

The  proportion  of  this  gas,  existing  in  the  atmosphere, 
is  much  less  than  was  formerly  supposed;  being,  accord- 
ing to  some  experiments  of  Thenard,  not  more  than  a 
thousandth  part.  It  is  this  portion,  however,  that  pro- 
duces the  ]>ellicle  on  lime-water,  during  its  exposure  to 
the  air,  and  which,  under  like  circumstances,  by  combining 
with  the  alkalies,  enables  them  to  effervesce  with  acids. 
Carbonic  acid  is  incessantly  a  product  of  combustion  and 
of  the  respiration  of  animals.  It  is  a  principal  ingredient 
in  marble  and  limestone. 

Preparation. — Carbonic  acid  maj'  be  evolved  from  any 
carbonate  by  heat  or  by  acids.  It  is  usually  procured  for 
the  impregnation  of  water,  by  the  superior  affinity  of  sul- 
phuric acid  for  the  lime  in  marble.  Excepting  that  it  is 
more  costly,  chlorohydric  acid  is  preferable  for  this  pur- 
jjose;  as  the  chloride  of  calcium,  being  very  soluble,  does 
not,  like  the  sulphate,  clog  the  vessels. 

Carbonic  acid  is  evolved  copiously  during  the  vinous 
fermentation. 

The  process  and  the  self-regulating  reservoirs,  described 
articles  172  and  173,  may  be  resorted  to  for  carbonic 
acid,  substituting  lumps  of  marble  for  zinc.  The  best 
materials  for  the  evolution  of  this  gas,  agreeably  to  my 
experience,  are  chlorohydric  acid  and  calcareous  stalac- 
tites. 

Carbonic  acid  might  be  procured  at  a  trifling  cost,  by 
(.drawing,  by  the  aid  of  a  suction  pump,  the  effluvium  of 


burning  charcoal  through  water  to  deprive  it  of  dust,  and 
then  forcing  it  into  the  cavities  in  which  its  presence  may 
be  desirable. 

This  process  for  the  production  and  eiiiploymeiit  of 
carbonic  acid,  generated  by  the  combustion  of  charcoal, 
is  illustrated  in  the  small  way  by  the  following  engraving 
and  description. 

329.  Combuation  of  Charcoal  or  other  Cimbuslihles  in  Oxygen  Gat. 

The  following  cut  repreticnla  an  apparalus  which  I  have  comrived  for 
exhibiting  the  comhuslion  of  charcoal,  or  olhsr  combusliblcs,  in  oiygeD 
gas.  Two  large  glass  bells,  A,  B,  <3ui:h  furnishnd  with  a  (ubulure  at  tin 
apex,  are  associated  by  means  of  the  pipe,  P,  which,  in  one  of  the  bellj, 
B,  comniunicates  with  a  tube,  extending  about  five  inches  within  the  bdl, 
below  its  neck,  so  as  to  reach  into  some  linnc-watGr,  or  an  infusion  of  lit- 
mus, contained  in  a  glass  vessel,  reHting  on  a  stand,  as  represented  in  the 
figure.  The  wooden  stand  which  holds  the  gloss  vessel,  and  the  iron  stand 
which  supports  the  coal  in  the  bell,  A,  muat  bo  previously  placed  on  thl 
shelf  of  the  pneumatic  cistern,  as  represented  in  the  cut;  so  that  A, 
when  including  the  coal,  may  be  over  the  mouth  of  the  cock,  D,  whick 
communicates  with  one  of  the  gas  holders,  situated  under  the  shelves  of 
the  pneuniBtic  cislcm,  which,  for  this  experiment,  should  be  filled  wilb 
oxygen. 


Into  the  bell  glass  in  which  the  glass  is  placed,  a  pi]ie  from  the  suclioB 
pump  of  the  hydrostatio  blowpipe  is  innde  to  enter,  and  reach  nearly  tothe 
stand.  The  apparatus  having  been  prepared  thus  tar,  the  bells  must  bt 
lifled  BO  as  to  permit  a  live  cool  to  be  put  upon  the  iron  stand,  as  repra- 
eented  in  the  figure.  As  soon  as  ihey  are  restored  to  their  previnw 
situations,  the  suction  pump  must  be  put  into  operation,  and  the  cock,  D, 
of  the  eas  holder,  containing  the  oxygen,  opened ;  so  as  to  allow  i  nI^ 
he  gas  to  have  access  (o  the  coal,  by  replacing  the  air,  wMeh" 
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■ntbdrawn  by  the  pump  through  the  pl|)G3,  P  and  E.  The  coal  burns 
■ptendidly;  and  as  ihe  oxygen  becomes  saturated,  it  is  drawn  off  by  the 
■uctioQ  pump,  being  made,  in  its  way  from  A  to  B,  to  pass  through  the 
liquid  in  the  vessel,  into  which  descends  the  tube  proceeding  from  A> 
If  ihc  liquid  be  water  tinged  with  litmus,  it  will  become  red  by  the  action 
of  the  carbonic  acid:  if  it  be  lime-water,  a  copious  milky  precipitate  wilt 
appear. 

Properties  of  Carbonic  Acid. — It  is  a  colourless  gas,  with 
a  pungent  smell  and  an  acid  taste.  At  tlie  temperature 
of  32°,  and  under  a  pressure  of  forty  atmospheres,  it  con- 
denses into  a  colourless  liquid.  Water  takes  up  its  own 
bulk  of  this  gas,  whatever  may  be  its  density.  It  com- 
bines with  earths,  alkalies,  and  metallic  oxides,  forming 
■with  lime,  bar3'ta,  strontia,  magnesia,  and  oxide  of  lead, 
compounds  which  are  insoluble.  Hence  it  precipitates 
lime-water,  barytic- water,  and  solution  of  acetate  of  lead. 
Litmus  is  reddened  by  this  acid.  It  destroys  life  and  ex- 
tinguishes tlanie,  but  is  not  insalubrious  to  breathe  when 
much  diluted  with  air. 

Carbonic  acid  is  very  antiseptic.  When  concentrated 
in  water  it  is  grateful  to  the  stomach.  Potassium  burns 
in  this  gas,  absorbing  oxygen  and  precipitating  carbon. 
Plants  probably  absorb  it,  retain  its  carbon,  and  give  out 
its  oxygen.  The  respiration  of  animals  tends  to  compen- 
sate this  change,  by  carbonizing  the  oxygen  of  the  air. 

Carbonic  acid  is  heavier  than  atmospheric  air,  its  spe- 
cific gravity  being  1.5239. 

230.  Exjierimental  Illustrations. 

Evolution  of  the  gas,  shown;  also  its  property  of 
extinguishing  a  candle.  That  it  differs  from  nitrogen, 
made  evident  by  means  of  lime-water.  Litmus,  reddened 
by  carbonated  water,  and  restored  to  its  original  colour 
by  boiling. 

Analysis  of  mixtures  containing  the  gas,  by  means  of 
the  sliding  rod  eudiometer  and  lime-water. 
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231.  Apparatus  for  thmcing  xnme  of  Ike  digtinguithiftg  PropertUt  rf 
Carbonic  Acid  Gas, 

Having  introduced  into  the  thn» 
Decked  bottle,  represented  in  tin 
adjoining^  figure,  one  or  two  ouDcei 
of  carbonate  of  ammonia,  addaboui 
halTas  much  nilroso-nitHc  acid.  An 
active  effervescence  will  ensue,  arii. 
ing  from  the  expulsion  of  the  car. 
bonic  acid  from  [be  ammoma,  by 
the  Blroiiger  affinity  of  the  nJliic 
acid.  At  the  same  lime,  suiGcieot 
fume  will  be  generated  to  make  ii 
evident  how  far  the  vessels  are  oc- 
cupied by  the  gas,  to  the  ejccluran 
of  atmospheric  air>  By  these  meua 
the  movements  of  the  carbonic  aai 
gas  will  be  recognised  as  asceni 
ing  to  the  upper  vessel,  which  it  wfl 
fill,  and  finally  overflow  through  tie 
crevice  between  the  brim  and  covet. 
The  cover  being  removed,  i 
lighted  candle  will  cease  to  bun, 
when  lowered  into  the  fume  indi- 
caling  (he  space  occupied  by  the 
gas.  This  space  will  comprise  the 
whole  cavity  of  the  vessel,  so  long 
as  the  aperture.  A,  is  closed ;  but,  on  removing  the  cork  from  this  aperture, 
the  gas  will  flow  out,  and  the  stream,  marked  by  the  accompanying  fume, 
will  bo  seen  descending  towards  the  table,  and  will  extinguish  the  flame  ol* 
a  candle  if  made  to  encounter  it;  or,  it  may  be  receivcd.into  a  mug,  so  os 
lo  arrest  the  combustion  of  a  taper  introduced  into  it,  or  upon  which  tit 
contents  of  the  mug  may  be  poured. 

Under  these  circumstances,  a  taper  will  burn  anywhere  within  ihe  ves- 
sel, V,  if  it  be  not  below  the  aperture.  A,  above  which  tlie  gas  is  not  now 
seen  to  extend  itself.  But  if  one  of  the  orifices  of  the  bottle  be  opened, 
[lie  corbonic  acid  will  be  found  entirely  lo  desert  the  upper  vessel. 

It  will  thus  be  made  evident  that  this  gas,  from  its  greater  specific  gra- 
vity, has,  in  [he  almosphere,  some  of  the  habitudes  of  liquids;  whlko  in 
incapacity  to  support  combustion  will  be  demonstrated.  . 

The  specific  gravity  of  carbonic  acid  being  rather  more  than  ooe-lMlf 
greater  than  that  of  atmospheric  air,  it  does  not  speedily  leave  any  oivttjr 
in  which  it  may  be  introduced.  It  is  on  this  account  that  persoiu  oflt* 
perish  on  entering  wells- 

232.  Impregnation  of  Water  irilh  Carbonic  Acid, 

The  process  by  which  wairr  is  impregnated  with  corbonic  add,  may  h 
easily  understood  from  Ihe  following  engraving.  , 

A  condenser.  A,  is  fastened  at  bottom  into  a  block  of  brass,  which  I 
furnished  with  a  conical  brass  screw,  by  means  of  which  it  is  eaeilyri 
tached  firmly  to  the  floor-  In  this  brass  block  are  cavities  for  the  t\ 
valves,  one  opening  inwards  from  the  pipe,  B,  the  other  outwards  lowi 
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I   ihe  pipe,  C,     The  pipe,  B,  commuoicales  v, 
«r  carbonic  acid. 

The  gna  which  (he  condenser  draws  in  from  the  reservoir,  is  forced 
through  the  other  pipe  inlo  a  strong  copper  lessel,  in  which  the  water  is 
alaated,  and  which  is  represented  m  the  figure,  as  if  the  front  part  were 
ramoved,  ia  order  to  expose  the  inside  to  inspection. 

Ifdue  care  be  taken  to  expel  all  the  air  in  the  vessel  before  the  impreg* 
Dation  is  connmenccd,  the  water  will  take  up  as  many  times  its  bulk  of  gas, 
as  the  pressure  employed  exceeds  that  of  the  atmosphere. 

When  duly  saturated,  the  water  may  be  withdrawn  at  pleasure  by 
■neaaa  of  the  syphon,  D,  of  which  one  leg  descends  from  (he  vertex  of  the 
vessel  to  the  bottom,  while  the  other  is  conveniently  situated  for  fUling  a 
goblet. 

Of  Oxalic  Acid. 

Latterly  oxalic  acitJ,  long  known  as  a  product  of  vege- 
tation, has  been  found  to  belong  to  tlie  compounds  of  car- 
bon with  oxygen;  and  still  more  lately  mellitic  and  cro- 
conic  acid  have  been  added  to  this  class.  Yet  when  the 
necessity  of  water  to  the  existence  of  these  acids  is  taken 
into  view,  it  appears  to  me  questionable  whether  they  may 
not  be  considered  as  acids  with  a  compound  radical,  con- 
sisting of  hydrogen  and  carbon. 

Pre^raf ('on.— Oxalic  acid  may  be  obtained  from  the 
common  sorrel,  Rumex  acctosa,  or  from  the  wood  sorrel, 
Oxalis  acetoscllat  from  which  it  derives  its  uanie.  In  these 
plants  it  exista  in  the  state  of  binoxalate  of  potash.  It 
may  also  be  procured  by  the  reaction  of  one  part  of  sugar 
with  six  of  nitric  acid.    The  weight  of  the  acid  obtained 
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is  equal  to  three-eighths  of  the  materials.  Wood,  glue,  I 
silk,  or  hair  may  be  substituted  for  sugar  in  this  process;  i 
but  when  these  substances  are  used,  the  product  is  impure. 
Next  to  sugar,  starch  and  molasses  are  probably  the  best 
materials.  Oxalic  acid  may  be  procured  also,  by  digest* 
ing  shavings  of  wood  in  a  solution  of  caustic  potash,  at  a  i 
heat  considerably  above  that  of  boiling  water.* 

Properties. — OxaUc  acid  is  a  solid,  having  an  extremely 
sour  taste.  One  grain  in  half  a  pint  of  water  is  sufficient 
to  redden  litmus  distinctly.  It  cannot  exist  uncomb'med 
with  water  or  some  other  base.  The  atomic  composition 
of  this  acid  would  authorize  us  to  consider  it  as  a  binary  ' 
compound  of  carbonic  acid  and  carbonic  oxide.  In  eveiy 
atom  of  oxalic  acid  in  its  appropriate  crystalline  form, 
there  are  three  atoms  of  water.  When  these  crystals 
are  exposed  to  an  unusually  dry  atmosphere,  or  to  a  tem- 
perature of  80°,  a  partial  efflorescence  ensues;  and  if  the 
heat  be  raised  to  212°,  they  part  with  two  atoms  of  water, 
which  they  recover  on  exposure  to  the  air  after  cooling. 
When  heated  to  300°,  the  acid  is  decomposed. 

Oxalic  acid  is  an  energetic  poison.  The  best  antidotes 
for  it  are  magnesia,  or  the  calcareous  carbonates  in  the 
pulverulent  form,  especially  chalk.  When  oxalic  acid 
meets  with  either  of  tliese  bases,  an  insoluble  and  inert 
oxalate  is  formed. 

With  chlorohydric  acid,  oxalic  acid  forms  a  crystalline 
compound  called  chloroxalic  acidj  which  may  be  obtained 
by  exposing  acetic  acid  to  the  rays  of  the  sun  in  a  vessel 
filled  with  chlorine.  Oxalic  acid  is  soluble  in  water  and 
alcohol. 

Of  Mellitic  Add. 

Mellitic  acid  is  obtained  in  crystals  from  a  rare  mine- 
ral called  the  honey-stone,  which  is  a  mellitate  of  alu- 
mina. It  is  soluble  in  water  and  alcohol,  and  has  a  sour 
taste. 

Of  Croconic  Acid. 

Croconic  acid  may  be  procured  in  yellow  crystals, 
from  the  croconatc  of  potash,  which  is  generated  in  the 
process  for  obtaining  potassium  by  means  of  charcoal. 

*  This  process  was  suggested  by  Gay-Lussoc.    Sec  Quarterly  Journil,  N.  S. 
413. 
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t  is  inodorous,  has  an  acid  and  astringent  taste,  and  red- 
ens  litmus. 

The  oxalic,  melHtic,  and  croconic  acids  resemble  vege- 
i,ble  acids  so  much,  that  they  are  usually  classed  with 
liem ;  although,  excepting  oxalic  acid,  they  are  not  vege- 
aible  products. 

OMPOUNDS  OF  CARBON  WITH  OXYGEN  AND  CHLORINE. 

There  are  two  compounds  of  carbon  with  oxygen  and  chlorine.  To 
oe  of  these,  which  has  been  recently  discovered,  the  name  of  chloral  has 
oen.  given ;  to  the  other,  that  of  chlorocarbonic  or  chloroxycarhonic  add* 
lie  latter  name  is  preferable ;  as  the  other  would  convey  the  idea  of  an 
cid  made  solely  by  the  union  of  chlorine  with  carbon. 

Cf  Chloral. 

When  chlorine  is  passed  through  alcohol,  which  conslt^  of  hydrogen, 
kygen,  and  carbon,  one  portion  combines  with  hydrogen,  forming  chloro- 
ydric  acid,  while  another  combines  with  oxygen  and  carbon,  forming 
hloral. 

Chloral  is  described  as  a  colourless  transpcurent  liquid  with  a  pungent 
dour.  Its  specific  gravity  is  1.502.  It  boils  at  201°,  and  may  be  dis- 
Iled  unchanged.  With  water  it  forms  a  white  crystalline  mass,  appa- 
sntly  a  hydrate. 

Chloral  consists  of  nine  atoms  of  carbon,  four  of  oxygen,  and  six  of 
hlorine. 

Of  Chloroxycarhonic  Acid. 

When  one  volume  of  dry  chlorine  and  one  volume  of  carbonic  oxide 
as  arc  mingled,  and  exposed  to  the  solar  rays,  they  combine,  and  con- 
ense  into  one  volume  of  a  colourless  acid  gas,  to  which  the  name  of 
bloroxycarbonic  acid  has  been  given.  It  is  exceedingly  offensive  to  the 
yes  and  to  the  organs  of  respiration.  It  reddens  litmus  paper,  and  with 
immonia  forms  a  white  salt.  By  contact  with  water  a  reciprocal  decom- 
xwition  ensues,  and  chlorohydric  and  carbonic  acids  are  produced.  It 
consists  of  one  atom  of  chlorine,  and  one  atom  of  carbonic  oxide. 

Of  the  Chlorides  of  Carbon. 

Chlorine  forms  four  compounds  with  carbon.  The  dichloride  is  a  white 
crystalline  inflammable  solid,  having  a  peculiar  odour,  resembling  that  of 
spermaceti.  At  250°  it  sublimes  in  crystals.  It  is  fusible  by  heat,  and 
boils  at  a  temperature  between  350°  and  450°.  The  dichloride  consists 
of  one  atom  of  chlorine  and  two  of  carbon. 

The  protochloride  is  obtained  by  passing  the  scsquichloride  in  vapour 
through  a  rod-hot  porcelain  tul)0.  The  sesqulchloride  is  decomposed  into  the 
protochloride  and  chlorine.  The  protochloride  is  a  transparent  colourless 
liquid,  with  a  specific  gravity  of  1.4875.  It  is  composed  of  one  atom  of 
chlorine  and  one  of  carbon. 

When  the  liquid,  produced  by  the  union  of  chlorine  with  olefiant  gas, 
usually  called  chloric  ether,*  is  exposed  to  the  sun,  in  contact  with  a  suf- 

*  See  page  291. 
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ficieot  quanlily  of  chlorioe,  ibe  scsqutchloride  of  carbon  is  produced. 
a  colourlesa,  tranapareni,  friable,  cryslalline  body,  nearly  tasteleaa, 
resembling  camphor  in  smell.  While  esposeil  to  the  flame  of  a  E[ra 
lamp,  it  buTDs  with  a  red  flame,  bill  ihe  combustion  ceases  as  soon  at  It 
lamp  ia  removed.  It  melts  al  320°,  and  at  360"  is  converted  into  vspm 
which  may  be  condensed  withoul  decomposition.  It  is  nearly  twice  i 
heavy  as  water.  The  sesqiiichloridc  of  carbon  consists  of  three  atomsi 
chlorine  and  two  atoms  of  carbon. 

All  the  above  described  chlorides  are  insoluble  in  water,  acids,  and  d> 
kalies,  but  are  soluble  in  oils,  alcohol,  and  ether.  When  chloral  is  bcAf 
in  a  solution  of  potash,  a  decomposition  ensues,  and  a  chloride  of  caihs. 
is  evolved  in  vapour,  and  may  be  condensed  in  a  receiver.  This  chlorife 
is  a  colourless  transparent  liquid,  with  an  odour  similar  to  that  of  chlorii 
ether.  lis  specilic  gravity  is  1.4S.  This  chloride  consists  of  five  aloi 
of  chlorine  and  four  of  carbon. 

Of  Bromide  of  Carbon, 
When  bromine  is  brought  in  contact  with  half  its  weight  of  perio«^i 
carbon,  heat  is  evolved,  a  decomposition  ensues,  and  bromides  of  iodi 
and  carbon  arc  formed.     The  bromide  of  carbon  Is  a  volatile,  colouriei 
liquid,  of  a  sweet  lasle,  and  an  ethereal  odour. 

Of  the  Iodides  of  Carbon. 

The  protiodide  of  carbon  is  a  liquid,  in  properties  strongly  resemblili| 

the  bromide  of  carbon.     The  pcriodidc  appears  under  the  form  of  jellw 

cryalalline  scales,  which  have  a  sweet  taste,  a  strong  aromatic  shkII  i» 

sembling  that  ofsatfron,  and  a  specific  gravity  higher  than  that  ofwata^. 

Of  Sulpkocarbonie  Aeid,  or  Bisulphide  of  Carbon. 

The  bisulphide  of  carbon  is  obtained  by  passing  the  vapour  of  sulpte 
over  charcoal  heated  to  incandescence  in  a  porcelain  lube.  It  is  a  trufr 
parent,  colourless,  volatile  liquid,  possessing  an  acrid  taste,  and  a  peculiip 
nauseous  smell.  Its  specific  gravity  is  1.272.  It  boils  at  10S°,  and  dM 
not  freeze  at  — 60".  At  a  temperature  a  little  above  ihe  boiling  pdnl  l| 
mercury,  it  inHan^tcs.  When  the  bulb  of  a  spirit  thermometer,  wrapped  ■ 
lint  imbued  with  thia  liquid,  is  placed  within  a  receiver,  and  the  air  wilk 
drawn,  the  temperature  falls  lo  — 82°. 

This  compound  unites  with  almost  all  the  sulpho-bases,  forming 
tbem  sulpho-salts,  and  is  as  well  enlitled  to  be  Irealcd  as  an  acid,  as  it 
analogous  compound  formed  by  sulphur  with  hydrogen. 

Dr.  Thomson  supposes  that  the  solid  mass,  obtained  by  washing 
nitre  out  of  gunpowder,  is  probably  a  solid  sulphide  of  carbon. 

Of  Xantbohydric  Add  and  Xanthogen. 

Mr.  Zeisc  discovered  that,  when  the  bisulphide  of  carbon  is  agitaUl 
with  a  solution  of  pure  potash  in  alcohol,  cooled  to  32°,  adcular  cryrtj 
are  deposited.  These  crystals  are  composed  of  potash  united  to  an  tdi^ 
to  which  Mr,  Zoise  has  given  the  name  of  hydroxanthic  According  Is. 
Ihe  nomenclature  which  I  have  adopted,  it  should  be  called  xanlhohydij 
acid,  la  order  lo  procure  this  acid,  ihe  xanlhohydrate  of  potash,  oblaiiM 
by  the  process  above  mentioned,  is  to  be  exposed  lo  ihe  action  of  sulpfai* 
d,  which,  from  its  superior  affinity,  unites  with  the  potash,  and  Wt 
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S  xanlhohydric  acid.  This  acid  is  an  oleaginouE,  colourless,  innani' 
lable  liquid,  heavier  than  water,  of  which  the  taste  is  at  tirsl  sour,  subse- 
uenily  astriugent  and  bitter,  and  the  odour  strong  and  peculiar-  Litmus 
■  reddened  when  exposed  to  its  action.  Mr,  Zoisc  supposes  this  acid  to 
oosisl  of  hydrogen,  and  a  compound  of  carbon  and  sulphur,  which  he 
alls  xantkogen,  and  which  ia  this  acid  plays  the  some  part  as  cyanogen 
Q  prussic  or  cyanhydric  acid.  He  supposes  that  xanlhohydric  aciU,  when 
iiescnted  to  certain  metallic  oxides,  is  resolved  into  water,  and  a  xanthide 
iTtbe  metal  employed. 

COMPOUNDS  OF  CARBON  WITH  HYDROGEN. 
Carbon  and  hydrogen  are  in  opposite  extremes,  as  re- 
ipects  their  susceptibihty  of  the  at'rirorm  state.  Per  se, 
:arbon  is  probably  more  difficult  of  volatilization  by  heat 
han  any  other  substance  in  nature.  Hydrogen,  on  the 
)ther  hand,  as  far  ag  our  experience  goes,  is  not  suscepti- 
)Ie  of  condensation,  even  into  the  non-elastic  state  of 
luidity.  There  is,  however,  a  powerful  affinity  between 
:hese  substances;  and  hence,  when  a  compound  which 
:ontains  them  is  subjected  to  heat,  they  are  made  to 
wmbine  in  various  proportions,  according  to  the  intensity 
>f  the  ignition,  and  the  influence  exercised  by  the  nitro- 
gen, or  oxygen,  which  may  have  been  associated  with 
Jiem. 

In  general,  the  compounds  of  carbon  with  hydrogen 
ire  distinguished  by  inflammability.  In  the  gaseous  state 
they  constitute,  when  ignited,  the  flame  of  candles,  lamps, 
^as  hghts,  and  culinary  fires.  They  are  incapable  of  sup- 
porting life,  but  are  not  actively  noxious  to  the  organs  of 
respiration,  when  diluted  with  the  air. 

The  gaseous  compounds  of  carbon  with  hydrogen  are 
obtained  by  the  destructive  distillation  of  bituminous  coal, 
wood,  oil,  tar,  and  other  inflammable  substances. 

The  illuminating  power  of  these  various  forms  of  gas, 
seenis  to  be  in  proportion  to  the  quantity  of  carbon  con- 
densed into  a  given  volume,  provided  there  be  oxygen 
enough  to  consume  it;  but,  otherwise,  the  excess  of  car- 
bon renders  the  flame  smoky.  Hence  the  greater  bril- 
liancy of  small  flames,  or  those  excited  by  a  current  of 
air,  as  in  the  Argand  lamp. 

The  same  flame  which  in  common  air  is  unpleasantly 
fuliginous,  transferred  to  oxygen  gas,  displays  a  perfect 
brilliancy. 

The  known  compounds  of  carbon  with  hydrogen  are 
numerous  and  complicated;  and  yet  it  is  probable   ' 
many  exist  in  nature,  or  may  be  produced  \!rj  v 
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which  we  are  at  present  unacquainted.  We  have  had  oot 
casion  to  state,  page  268,  that  where  bodies  have,  in  tte 
same  volume,  the  same  number  of  atoms  of  each  of  theii;| 
ingrcdionta,  and  yet  diiler  in  their  properties,  they  ail 
said  to  be  isomeric^  from  irx  equal,  fufn  part.  Compound^ 
in  which  the  constituents  are  in  the  same  ratio,  but  isi 
which  the  resulting  volumes  exist  in  different  degrees  rf 
condensation,  are  said  to  be  polymeric  with  respect  to 
each  other,  from  r,xv(  many,  ^>^;  part.  The  last  term  a 
applied  to  a  class  of  the  compounds  of  carbon  with  hy- 
drogen, in  all  of  which  these  elements  exist  in  the  same 
ratio  of  atom  for  atom;  yet  Irom  some  difference  in  tha 
mode  of  aggregation,  or,  as  I  believe,  in  the  extent  and 
modes  of  tlieir  association  with  heat,  light,  and  electii- 
city,  their  degree  of  condensation  when  in  the  at^rifomi 
state,  and  their  properties  in  other  respects  are  quite  dif- 
ferent. 

We  have  then  two  groups  of  the  carburets  of  hydnh 
gen,  in  one  of  which  diversity  of  properties  is  attended  bf 
a  corresponding  diversity  in  the  ratio  of  the  carbon  to  the 
hydrogen ;  while  in  the  other  this  ratio  is  uniform,  although 
the  properties  and  resulting  volumes  in  the  aeriform  stata^ 
differ. 

In  the  first  group,  there  are  four  compounds. 

1.  Light  carburettcd  hydrogen,  or  fire  damp,  consistiDgrf 
two  volumes  or  atoms  of  hydrogen,  with  one  volume  or 
atom  of  carbon. 

2.  The  compound,  in  all  the  varieties  of  which  tliere 
are  as  many  atoms  of  one  element  as  of  the  other,  and 
for  which  Dr.  Thomson  proposes  the  name  of  carho- 
hydrogen  as  a  generic  appellation. 

3.  Bicarburei  of  hydrogen,  in  which  six -atoms  of  carbon 
are  united  with  three  of  hydrogen. 

4.  Naphthaline,  in  which  ten  atoms  of  carbon  are  CWB- 
bined  with  four  atoms  of  hydrogen. 

The  second  group,  which  is  subordinate  to  the  finti 
being  formed  in  fact  by  the  ramifications  of  carbofaydro- 
gen,  comprises,  according  to  Dr.  Thomson,  several  varie- 
ties, which  he  designates  and  describes  as  follows; — 

Isl.  Prolocarhohydrogen,  consisting  of  a  volume  ofcai^ 

bon  and  a  volume  of  hyilrogen,  condensed  into  one  volun* 

This  variety,  now  called  mytheline,  has  been  lately  i*fr 

1  by  Dumas  and  Peligot,  by  distilling  one  part  «  pyr- 

ic  spirit,  obtained  by  the  distillation  of  wood,  witll  tin)' 
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parts  of  chlorohydric  acid,  and  three  of  sulphuric  acid; 
when  an  ethereal  chlorohydrate  of  mytheline  results.  Sub- 
jected to  a  red  heat,  this  ethereal  compound  is  resolved 
into  chlorohydric  acid  gas,  and  mytheline  in  the  gaseous 
form.  Pyroxylic  spirit  is  considered  as  a  bihydrate  of 
mytheline,  being  procured  from  crude  pyroligneous  acid 
by  distillation.  It  bears  the  same  relation  to  mytheline 
that  alcohol  does  to  etherine. 

2d.  Deuiocarbohydrogerij  or  olejiant  gas^  consisting  of 
two  volumes  of  carbon  and  two  of  hydrogen,  condensed 
into  one  volume. 

3d.  Tritocarbohydrogerij  consisting  of  three  volumes  of 
carbon  and  three  of  hydrogen,  condensed  into  one  volume. 
This  is  by  Dr.  Thomson  considered  as  constituting  the 
gas  evolved  from  oil,  which  was  by  Dalton  called  super- 
olefiant  gas. 

4th.  Tetartocarbohydrogen,  or  etherine,  consisting  of  four 
volumes  of  carbon,  and  four  volumes  of  hydrogen,  con- 
densed into  one  volume. 

5th.  Hexacarbohydrogen^coutBming,  according  to  Thom- 
son, six  volumes  of  each  element,  condensed  into  one  vo- 
lume. 

Of  Light  Carburetted  Hydrogen,  or  Fire  Damp. 

The  substance  distinguished  by  these  names,  has  been 
dignified  by  a  variety  of  appellations,  among  which  are 
heavy  inflammable  air,  carburetted  hydrogen,  and  bihydro- 
guret  of  carbon.  Dr.  Thomson  has,  in  some  instances, 
used  the  monosyllable  di  to  indicate  proportions,  the  in- 
verse of  those  indicated  by  the  monosyllable  bi.  Thus, 
bichloride  of  carbon  would  signify  two  atoms  of  chlorine 
and  one  of  ca»bon,  while  dichloridc  conveys  the  idea  of 
two  atoms  of  carbon  and  one  of  chlorine.  Consistently, 
then,  I  think.  Dr.  Thomson  should  have  called  this  gas,  a 
dicarburet  of  hydrogen;  as  the  proportions  of  its  consti- 
tuents are  the  inverse  of  those  in  the  bicarburet.  This 
gas  has  long  been  known  to  miners  of  bituminous  coal, 
under  the  name  of  fire  damp,  as  one  of  their  greatest  ene- 
mies. It  is  liberated  copiously  from  cavities  in  the  coal, 
in  -which,  no  doubt,  in  many  instances,  it  has  been  pent 
for  ages.  It  is  also  evolved  from  the  mud  of  stagnant 
waters,  and  is  occasionally  emitted  from  fissi  the 

earth.     There  is  no  good  mode  of  forming  i^ 
It  is  a  colourless  gas,  of  course  irret 


more  than  a  negative  influence  in  destroying  life.     Ita 
specific  gravity  is  0.5593. 
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233.  Of  thi  Safrlg  Lamp. 
lunt  aboTO  jtivcD  of  dicnrburet  of  hjdrogen,  i 
of  injury.     When  exi«ling  it  '■""  -' 


Joned  Hat 
ir  beyond  a  cerlun  pn. 
....  -.  »  of  ■  Junp  or  cuuUl 
_ .  ,  u  uUficial  lighl  is  necessary  in  mine*  inutcsaible  to  llic  light  ofdaj,  Iht 
UB  of  candtva  or  lamps,  in  Ibe  ordinary  way,  hu  been  Irequptitly  dFttmclii*  W< 
Ihe  workmen.  It  had,  of  couree.  been  the  cauae  of  great  Btuiety  to  then,  aodMT 
embarriuitnient  lo  llie  pioprielom  or  the  mtnoB. 
In  order  to  avoid  the  riik  alteoding  the  uae  of  limps  or  emdlei  in  miniiw,  i 
mill  had  been  reaorled  to,  in  which  the  rapid  revululiDD  of  a  Msal  triad 
■gainst  a  flint,  vaa  made  to  produce  a  suceeMion  of  sparka,  and  of  course  a  feebki' 
light.  I  believe  that  the  security  nfibrded  by  this  iavention  was  imperfect,  aal 
the  liglit  insulRcieDt.  fxplosions  have  been  more  frequent  In  the  English  maam 
Of  late  yeors,  probably  in  consequence  of  the  greater  eitwil  and  daplE  to  whi^ 
tbej  are  excavated.  While  under  the  painful  impression  made  far  aonM  raoalt< 
cataatroplies  of  this  nature,  in  which  many  niiners  had  been  killed  or  mutilala^) 
SirH,  Oavyeiortedhinucirio  discover  the  means  of  sustaining  flame  safely  wilhb 
explosive  gaseous  mixtures.  He  soon  ascertained  thai  bis  object  might  be  iiflisa^ 
by  enclosing  the  flame  in  a  Cage  of  wire  gauze,  so  as  to  allow  of  no  communintM 
with  the  snrioun  ding  medium,  which  does  not  take  place  through  (he  mcsheiofiy 
gHUie.  Owing  to  the  cooling  power  of  the  wire,  the  miitim)  cannot  pass  ihraufk 
Qie  meshes  in  a  slate  of  combustion.  Of  course  the  inflammation  is  cacfiaed  withtt 
the  wire  guoxe. 
""  nethod  in  which  I  illailrate  the  operation  of  the  safety  lamp,  mar  ba  aaii^ 
""  ""  ■■  ...I  .  1.  .    -J  ^gjj  within  a  largB  fla*^ 

r  upon  a  stool.    Tha  cjlh-' 


(1  from  the 


wing  figure. 


der   i 


closely  covered   by  a 


wilt  I 


irbetwi  .._     .__^ 

blown  oS.  Excepting  tha  cage  tH 
luded  to  above,  Ihe  ufety  lamp  doai 
notdifierinaterisll;  from  thoaa  which 
are  ordinarily  used.  The  ap|W 
surface  of  the  receptacle  for  Ita^ 

oil,  forms  the  bottotn  of  0— 

which  is  so  closely  fitted  b 
so  well  closed  every  wfaei 

allow  air  to  hove  access  to  t ^ 

only  through  the  meshes  of  the  wiifl 
gauxo.  The  cage  is  enclond  wilhHb 
three  iron  rods,  surmounted  by  M. 
cap,  to  which  a  ring  for  holding  1^ 
lamp  is  attached,  aa  seen  in  llM, 
figure.  •  * 

If,  while  the  lamp  is  banun^ 
roprcaonlad  in  the  figure,  hyi'  — 
either  pure  or  carburetled,  __ 
lowed,  by  moans  of  the  pips, 
enter  the  glues  cylinder,  n  " 
form  with  tie  air  in  it  an  an 
mixture,  there  i^ill  nertrlhs) 
no  explosion      It  will  be  Ibond 
as  the  quantity  of  infloaunable 
increases,  the  ttamo  of  the  lamp  i._ 
largBB,  until   it   roaches   the  aW 
'-■ wM 


L'elyri    '"- 


It  will,  under  these  . 

oi\cn  appear  as  if  tba 

bud  aeosad  i  but  on  inwMuiay 
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proportion  of  atmoflpheric  air,  the  flame  will  ipudually  contract,  and  finally  settle 
upon  the  wick,  which  will  bum  aa  at  first  when  the  supply  of  hydro^n  ceases. 

If  the  cage  be  removed  from  the  lamp,  and  the  exponioent  repeated  in  all  other 
respects  as  at  first,  an  explosion  will  ensue,  as  soon  as  a  sufficient  quantity  of  hy- 
drogen  is  allowed  to  enter  the  cylinder. 

Of  Deutocarhohydrogen^  or  Olefiant  Gas^  called  also  Carbu" 
retted  Hydrogen^  and  Hydtogurct  of  Carbon. 

This  gas  received  its  name  in  consequence  of  its  being 
condensed  with  chlorine  into  a  liquid,  having  an  oleagi- 
nous consistency,  although  otherwis?e  unlike  an  oil.  It 
was  discovered  in  the  year  1796.  It  may  be  obtained  by 
passing  the  vapour  of  alcohol  through  a  red-hot  porcelain 
tube,  or  by  subjecting  a  mixture  of  five  parts  of  sulphu- 
ric acid  with  one  of  alcohol  to  heat  in  a  glass  retort.  It 
is  invisible,  and  possesses,  like  other  gases,  the  mechani- 
cal properties  of  atmospheric  air.  Its  specific  gravity  is 
0.9808.  When  drawn  into  the  lungs  it  produces  as- 
phyxia. It  burns  with  great  splendour,  and  detonates 
with  oxygen  w  ith  such  violence,  that  without  some  pre- 
cautions it  is  dangerous  to  analyze  it  by  the  usual  pro- 
cesses. I  have  had  several  eudiometers  broken  by  it,  but 
have  latterly  avoided  that  accident,  by  exploding  the  mix- 
ture in  a  rarefied  state,  into  which  it  is  easily  brought  in 
some  of  the  instruments  which  I  employ. 

The  analysis  may  be  performed  in  the  volumescope  for 
analyzing  the  air  by  means  of  hydrogen,  with  a  degree 
of  accuracy  sufficient  for  the  purpose  of  illustration. 
Four  volumes  of  oxygen  should  be  added  to  one  of  the 
gas.  The  ignition  being  effected  as  already  described  in 
the  case  of  pure  hydrogen,  it  will  be  seen  that  the  five 
volumes  are  reduced  to  less  than  three,  and  that  by  the 
introduction  of  lime-water,  these  three  may  be  reduced  to 
one  residual  volume  of  oxygen.  The  reason  why  the  re- 
sidual gas  is  less  than  three  volumes,  is,  that  the  carbonic 
acid  formed  is  partially  absorbed  by  the  water.  As  the  gas 
contains  in  one  volume,  two  volumes  of  hydrogen,  and 
two  of  carbon  vapour,  it  will,  for  the  latter,  require  tw^o 
volumes,  for  the  former,  one  volume  of  oxygen.  Of  course 
the  hydrogen,  and  the  oxygen  which  combines  with  it,  will 
be  condensed;  so  that  after  the  explosion,  unless  so  far 
as  absorbed  by  the  water,  two  volumes  of  carbonic  acid 
will  remain  mingled  with  the  one  volume  of  oxygen  in 
excess. 
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Iti  the  Appendix  I  shall  give  an  account  of  some  instr-^f. 
ments,  by  which  this  and  other  inftammaUe  compounds  <y 
carbon  may  be  analyzed  with  accuracy.  j 

334.  Experimental  lilustraiions.  fl 

Cork,  cotton-seed,  caoutchouc,  and  nnts,  introduced  n  f  7' 
small  quantities  into  a  guu-barrel,  of  which  the  butt-ead 
has  been  heated  to  a  bright  red  heat.  Brilliant  jet  d 
flame  proceeds  from  the  touch-hote-  Inflammation  of  tbe 
gas  extricated  by  distillation  from  oil  or  bituminous  coah 
also  of  oleiiant  gas.  Olcflant  gas,  mixed  with  oxygen  gas, 
and  exploded  in  a  sliding  rod  eudiometer.  Residue  len- 
ders lime-water  milky. 


The  gueoai  compoundg 
purpOBe  of  ilium  inatioD. 

Tlio  ns,for  tlii>i  purpo«, 
coal,  oil,  or  minoui  Bulnti 
liibuted  tliiough  pipei 


235.  Of  Gaa  LigkHng. 

f  caibDii  and  hjdiogen  hare  been  mneh  ipplied  to  tbg 

§  obtained  by  the  dcstrucli 

icea.  and  it  roccivetl  in  g. 

e  page  1511,  i 


dialillation  of  bitamiiKHv 
^  imeten,  whencs  it  i>  di*- 
Ihe  burnon.     See  pa^  1511,  articlo  liiQ. 

Duo  nf  the  greatest  obslaclea  to  the  general  m- 
plnvmont  of  gas  lights  ai  a  subititute  for  undlH 
■no  lamps,  la  the  ncceiaity  of  pipei  leading  fron 
gaaomctcrs  to  alt  siluEitiona  where  the  Fight  ii  wiat- 
oil,  Tlie  condensation  of  tiie  gas  into  strong  dm- 
tallic  recL-ivcrs,  has  been  resorted  to  in  order  to  ob- 
vialo  thia  difficulty.  This  pMcoxs  may  be  illualnted 
hy  means  of  the  nppnTatus  described  fnr  the  imprcf- 
nntinn  (if  water  with  cnrbonic  acid,  being  modified  u 
ronresDntocI  in  tbe  adjoining  cut. 

It  is  only  nocpsanry  to  exchange  tlie  commanict- 
lion   with   the  aolf- regulating  rcaervoir  of  caibonic 

voir  ofolefiant  gos}  and  the  copper  Tcaiel  being  ilnl 
cxhnu)>ted  of  air.  to  cnndenac  the  gai  into  it.  Tilt 
■ypbon  uaed  for  tlic  efSui  of  tlie  impregnated  water, 
is  replaced  by  a  cock  and  tube,  the  latter  teriointling 


capillary  perfora 


.    Through  this,  the  j 


ho  allowed  to  escape  in  a  prnpcr  quantity  to  produes 
a  gns  light  whcu  inflamed.  It  haa,  bowover.  a]<nn 
appeared  to  mo,  tlial  Iho  expense  of  condeofing  tbe 
gaa,  and  of  procuring  and  Iraneporting  tbe  receiren, 
would  render  this  nietliod  of  affording  ligbtdiod- 
vantagroua. 

Latterly,  the  loss  of  gaseoua  matter,  br  eondeii- 
sation,  lias  been  found  M>  great  ai  to  render  the  pro- 
ccas  unprofitable. 


Of  some  Vnrieties  of  Carbohydrogen,  and  of  the  Bicarhurtt  of  Hgdtt- 


Tetartocnrbohydrogen,  hexacarbohydrc^n,  and  bicarburet  of  bydio- 
were  all  obtained  by  Mr.  Faraday  from  iho  liquid  which  ia  depcaittd 
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from  oil  gas,  when  condensed  into  vessels  under  great  pressure  for  the 
purposes  of  illumination. 

On  subjecting  the  matter,  deposited  as  above  described,  to  a  very, gentle 

beat,  teiartocarbohydrogen  or  etherine  is  separated  in  the  form  of  a  trans- 

Dareat  colourless  inflammable  gas,  with  a  specific  gravity  of  1.9444. 

When  cooled  to  zero,  it  condenses  into  a  transparent  colourless  liquid  of 

the  specific  gravity  of  0.627,  being  the  lightest  liquid  known. 

When  the  liquid  remaining  after  the  extrication  of  the  tctartocarbo- 
hydrogen  is  heated,  vapour  is  evolved,  and  the  boiling  point  continually 
rises  until  the  temperature  of  176°  is  attained.     Between  this  temperature 
and  190°,  a  large  portion  distils  in  the  form  of  a  liquid.    When  this  liquid 
18  cooled  to  zero,  it  separates  into  two  compounds,  one  of  which  becomes 
•did,  while  the  other  continues  liquid.     The  liquid  is  the  compound  which 
Dr.  Thomson  calls  hexacarbohydrogen,  though  its  composition  does  not 
appear  to  have  been  well  ascertained.     It  is  inflammable,  soluble  in  alco- 
hol, and  boils  at  176°.     The  solid  compound  is  the  bicarburet  of  hydro* 
gmu     It  is  at  ordinary  temperatures  a  colourless,  transparent,  volatile 
Jjquid,  which  boils  at  186°,  and  has  a  specific  gravity  of  0.85.     At  82^ 
it  crystallizes,  and,  when  cooled  to  zero,  acquires  a  consistency  like  that 
of  loaf  sugar. 

€f  Naphthaline. 

Naphthaline  is  obtained  by  subjecting  to  distillation  the  tar  which  is 
formed  during  the  decomposition  of  bituminous  coal.  The  first  products 
are  aroinonia,  water,  and  the  liquid  called  coal  naphtha ;  but  towards  the 
cloae  of  the  process  naphthaline  is  obtained. 

Naphthaline  is  a  white  crystalline  substance,  with  an  aromatic  smell, 
and  a  pungent  disagreeable  taste. 

There  are  other  compounds  of  carbon  and  hydrogen, — native  naphtha 
for  instance,  and  oil  of  turpentine;  also  many  of  the  essential  oils  derived 
fjXMD  vegetables.  Of  some  of  these  I  shall  hereafter  treat;  to  notice  them 
all  would  be  inconsistent  with  the  limits  prescribed  to  this  work. 

€f  the  Compounds  formed  by  Carbon  with  Chlorine  and  Hydrogen. 

It  has  already  been  stated  that  defiant  gas  received  its  name  in  conse- 
quence of  its  being  condensible  with  chlorine  into  a  liquid  of  an  oleagi- 
nous consistency.  To  this  liquid  the  name  of  chloric  ether  has  been  im- 
properly given,  as  it  indicates  a  dependency  on  chloric  acid  for  its  consti- 
tution or  generation,  contrary  to  the  fact.  As  it  consists  of  two  atoms  of 
chlorine  and  one  of  etherine,  a  more  appropriate  name  would  be  bichlo' 
fine  ether. 

Bichlorine  ether  is  limpid  and  colourless  like  water,  has  an  agreeable 
smell,  and  a  peculiar  sweetish  agreeable  taste. 

Chlorine  combines  with  several  other  of  the  polymeric  varieties  of  car- 
yDhydrogen,  forming  with  them  compounds  of  different  properties.  It  also 
Produces  two  compounds  by  combining  with  the  bicarburet  of  hydrogen ; 
>ne  solid,  the  other  liquid. 

COMPOUND  OF  CARBON  WITH  NITROGEN. 
Of  Bicarburet  of  Nitrogen,  or  Cyanogen. 

Cyanogen  ranks  next  to  iodine  among  electro-negative 
txKlies.    It  is  included  among  the  halogen  bodies  of  Ber- 

42 


292  INORGANIC  SDBSTANCES. 

zelius,  and  in  the  basacigen  class  by  me.     Being  a  conh 
pound,  I  have  deferred  treating  of  it  until  now. 

Preparation. — Cyanogen  is  obtained  by  subjcctiug  pure 
and  dry  bicvanide  of  mercury  to  a  low  red  heat  in  a  por- 
celain  or  coated  glass  retort  or  tube,  and  receiving  the 
product  over  mercury. 

Properties. — Cyanogen  is  a  colourless,  transparent,  ir- 
respirable  gas,  which  painfully  affects  the  nose  and  eyes, 
and  has  a  strong  and  peculiar  odour.  Under  a  pressure 
of  four  atmospheres,  it  becomes  a  colourless  liquid,  lighter 
than  water.  It  may  likewise  be  liquefied,  or  even  sohdi- 
fied  by  cold.  It  is  characterized  by  burning  with  a  beau- 
tiful violet  flame. 

It  is  decomposed  by  the  electric  spark,  or  by  an  incan- 
descent iron  into  its  constituents,  carbon  and  nitrogen. 
Alcohol  dissolves  twenty-three  times,  and  water  four  aod 
a  half  times  its  volume  of  cyanogen.  In  the  course  of  a 
few  days  the  solutions  become  discoloured,  and  a  brown 
matter  is  deposited.  The  deposition  from  alcohol  has 
been  found  to  contam  carbon  and  nitrogen.  After  ob- 
taining cyanogen  from  the  bicyanide  of  mercury,  a  black 
residuum  is  found  in  the  retort,  which  has  been  conceived 
to  consist  of  carbon  with  a  less  proportion  of  nilrogen 
than  exists  in  cyanogen;  hut  of  late,  this  residuum,  and 
the  deposition  from  alcohol,  have  been  supposed  lo  be 
isomeric  with  cyanogen. 

When  ignited  with  two  volumes  of  oxygen,  a  toIoibb 
of  cyanogen  is  converted  into  two  volumes  of  carbonic 
acid  and  one  of  nitrogen,  without  condensation.  Of 
course,  as  each  volume  of  carbonic  add  requires  a  vo- 
lume of  carbon  vapour,  there  must  exist  two  such  volumes 
in  one  of  cyanogen.  Hence,  as  in  the  case  of  carbon  and 
nitrogen  each  volume  represents  an  atom,  cyanogen  con- 
sists of 

two  atoms  of  carbon    =     12 
and  one  of  nitrogen       =     14 

and  its  equivalent  is 

Of  a  neie  Compound  of  Carbon  irilk  Nitrogen- 

Mr.  Liebig  allegea  thai  he  has  discovered  a  new  compound  of  carbon 

and  nilrogen,  which,  if  his  slaleraenls  arc  correct,  will  probably  be  found 

lo  belong  to  the  basacigen  class.     It  is  composed  oflhroa  atoms  ofcutnll 


I  five  of  nitrogen-     II  was  obtained  in  the  pulvcrulcQt  form,  is  inso- 
'a  ia  water,  and  decomposable  at  a  red  heat  into  cyanogca  and  nitro- 


Of  Ihe  yomenclature  of  the  Compounds  of  Cyanogen. 

1  Prussian  blue  Is  digested  with  a  solution  of  potaah,  and  the  re- 
wlulion  is  filtered  while  hot,  yellow  crystals  are  deposited  by  re- 
on,  called  (erroprussiate  or  ferrocyanaio  of  |Mjtflsh,  under  the  iiJea 

It  ihcy  consist  of  an  acid  composed  of  iron,  cyanogen,  and  hydrogen,  in 
union  with  the  oxide  of  potassium.  Berzdius  considers  cheae  yellow  crys- 
tals as  n  double  salt,  formed  by  a  "  r.yanure"  of  iron,  and  a  "  eyamire"  of 
potassium.  The  name  of  this  double  salt,  agreeably  to  his.  nomenclature, 
ts  "  ej/anure  ferroso-potaigiqve,"  He  alleges  the  existence  of  another 
compound  containing  the  same  elomenls,  in  which  the  proportion  ofcya- 
nogen  to  that  in  the  first  mentioned  compound,  is  as  1}  to  1,  and  for 
whicti  his  name  is  "  cyanure  ferrico-potafsiqne." 

The  existence  of  these  combinations  conslitules  one  instance  among 
many,  in  which,  according  to  Berzelius,  two  compounds,  each  having  the 
some  halogen  body  as  an  ingredient,  form  by  their  union  a  double  salt. 

Agreeably  to  his  system,  wc  have  double  "  chlortirea,  bromures,  fiuo- 
rvra"  and  "iodt/res"  as  weii  as  double  "  cyanures" 

Some  years  ago,  Bonsdorf,  a  skilful  and  sagacious  Gterman  chemist, 
Bssailcd  ihisclassilication  of  Berzelius,  by  showing  that  some  of  the  "chlo- 
rvrei"  of  the  double  salts  exercised  an  alkaline,  others  an  acid  re:tction; 
and  that  consequently  the  double  "  chlorures,"  so  called  by  Berzelius,  were 
really  simple  salts,  in  which  one  cbloiure  acted  the  part  of  aa  acid,  the 
other  of  a  base-  Merely  on  contemplating  the  facts  of  ihc  case,  as  stated 
by  Berzelius,  without  having  any  knowledge  of  BonsdorPs  experiments 
and  conclusions,  the  conviction  arose  in  my  mind  that  the  double  haloid 
Baits,  of  thot  great  chemist,  should  be  considered  as  compouncfed  of  acids 
and  bases.  1  cannot  conceive  wherefore  Bonsdorf  thought  it  necessary  to 
show  that  there  was,  in  one  of  Ihe  ingredients  of  a  double  "chlorure,"  an 
acid,  in  the  other,  an  alkaline  reaction,  in  order  to  prove  the  former  to  act 
as  an  acid,  and  Ihc  latter  as  a  base.  It  appears  to  me,  as  I  have  staled 
more  fully  in  my  letter  on  the  Berzelian  nomenclature,  that,  excepting  in 
the  case  of  the  alkalies  and  alkaline  earths,  these  properties  have  not  been 
deemed  essential  to  oxacids  and  oxibases,  and  that  of  course  they  ought 
not  to  be  required  in  acids  or  bases  formed  by  any  other  of  the  basacigeu 
class.  Agreeably  lo  the  definitions  of  acids  and  bases,  given  at  page  25'.!, 
and  in  my  letter  above  nientioned,  the  '-  cyanure"  of  iron  being  electro- 
n^ativc  as  contrasted  with  tlic  "ci/anure"  of  potassium,  the  one  must  be 
deemed  a  cyanobose,  the  other  a  cyanacid. 

Berzelius  extends  to  all  oxides  a  method  of  distinguishing  their  degrees 
of  osidalion,  which  has  been  adopted  by  other  chemists,  only  in  the  case 
of  the  oxides  of  nitrogen  or  that  of  carbon,  although  generally  employed 
by  them  in  respect  to  the  oxacids-  Thus  in  the  Berzelian  nomenclature 
the  protoxide  of  iron  is  ferrous  oxide,  the  sesquioxide  of  the  same  metal 
ferric  oxide,  from  ferrum,  the  Laiin  for  iron.  He  applies  this  mode  of 
distinction  to  all  the  binary  compounds  of  his  halogen  and  amphigen  bodies. 
Thus,  we  have  anlimonious  chloride,  and  antimonic  chloride;  signifying 
that  Ihe  latter  contains  a  larger  proportion  of  chlorine  than  the  former. 
Again,  phosphorous  bromide,  and  phosphoric  bromide ;  phosphorous  iodide, 
j^  phosphoric  iodide;  in  which  case,  as  in  the  other,  the  JermliuUioii  in 
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ic,  indicates  a  larger  proporlion  of  the  more  electro-negative  ingredient 
But  the  lermiaation  in  tde,  is  only  resorted  to  by  him.  where  the  radical  Ji 
electro-negative;  thai  is,  in  other  words,  whea  its  oxides  go  to  the  poaitin 
pole.  When  the  radical  is  one  of  those  bodies  which,  when  oxidized,  {js 
to  thenegalive  pole,  the  termination  in  ure  is  resorted  to;  licnce,  fcrroiii 
and  ferric  " et/aiwrrg"  and  ferrous  and  ferric  "  chlorurex."  I  object  M 
this  complicHted  nomenclature,  as  founded  on  the  error  of  not  aUowii| 
those  chnriLCteristics  of  acids  a^d  bases  which  have  been  acted  upoab 
chemists  in  general,  and  by  Bcrzelius  himself  in  the  case  of  oxacids  aa 
oxiboses,  to  ejitend  ta  the  binary  compounds  fornted  by  the  bodies  of  tb 


I  consider  the  yellow  eqU  in  question,  as  consisting  of  a  cyanacid  as- 
taining  an  atom  of  cyanogen  and  an  atom  of  iron,  and  which  I  would  a| 
eyanoferrDiig  acid,  miiled  to  n  cyanobase  of  potassium,  consisting  of  ooa 
atom  of  cyanogen,  and  one  atom  of  potassium,  and  forming  a  cyaneftnili 
of  patassitivt.  The  dotjble  salt,  consisting  of  the  same  elements,  but  ooe 
taining  both  in  the  acid  and  base,  half  an  atom  more  of  cyanogen,  shooiil 
by  analogy  with  the  oTacids,  have  its  acid  distinguished  by  the  naniBi 
cyanoferric  acid,  and  should  itself  be  called  cj/anoferrate  tifpatajmnm. 


Of  Cyamc,  Cganuric,  and  Fulminie  Acids. 

An  atom  of  cyanogen,  combined  with  an  atom  of  oxygen,  farms  eyaiue 
acid,  which  may  be  obtained  In  union  with  potash,  by  igniting  peroiidt 
of  mongancso  wilh  ferropnissiatc  of  potash,  or  cyanoferrite  of  potassumj 
being  the  salt  alluded  to  above,  as  consisting  of  cyanogen,  iron,  and  ]» 
tassium.  The  cyanogen  and  potassium  are  converted,  by  the  excen  oF 
oxygen  in  the  manganese,  into  cyanic  acid  and  potash,  which  unite,  (wra* 
ing  a  cyanate  of  potash.  Cyanic  acid  cannot,  however,  be  obtaiiM 
from  the  cyanates,  in  consequence  of  its  extreme  susccplibiliiy  of  d 
position. 

A  crystalline  substance  may  be  procured  from  human  urine,  whidi  1 
known  by  the  name  of  urea.  It  consists  of  carbon,  nitrogen,  oxyg«l,«i 
hydrogen,  in  the  proportion  to  form  one  atom  of  cyanic  ncid,  one  ato 
of  ammonia,  and  one  atom  of  water.  When  urea  is  subjected  to  ba 
ammonia  escapes,  and  an  acid  remains,  which  was  supposed  to  cotwEt 
one  atom  of  cyatiogen,  and  two  atoms  of  oxygen.  Bui  it  baa  been  receolt 
ascertained  by  Wohler  and  Liebig,  that  it  consists  of  the  elements  of  cyooH 
acid,  chemically  united  to  the  elements  of  waler;  an  atom  of  hydn^ov 
and  an  additional  atom  of  oxygen,  entering  into  its  composition,  not  ai 
water,  but  as  essential  constituents.  Under  these  impressions,  a  new  aaioB, 
eyanuric,  was  given  to  ii.  This  acid  is  solid,  fixed,  inodorous,  and  owAj 
tasteless.  By  combining  with  two  atoms  of  water,  as  water  of  ci 
tion,  it  becomes  capable  of  forming  large  crystals. 

When  anhydrous  cyanuric  acid  is  exposed,  in  a  glass  retort,  to  a  lov 
red  heat,  the  extricated  vapours  being  collected  in  a  receiver  refrigerant 
by  a  freezing  mixture,  hydrous  cyanic  acid  is  obtained.  This  add  and 
cyanuric  acid  consist  of  the  same  elements  in  the  same  proportion,  but 
possess  different  properties  and  atomic  weights.  Hydrous  cyanic  acid  is  I 
colourless,  volatile  liquid,  possessing  a  penetrating  odour  resembling  ttal 
of  acetic  acid.  It  vesicates  the  skin  when  applied  to  it,  exciting  ii " 
pain.  Its  vapour  reddens  litmus  pap^r,  is  inflammable,  and  so  pungi 
uce  tears,  and  cause  severe  pain  in  the  hands.     Cyanuric  » 
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comparatively  inert  in  these  respects,  but  is  far  Ifiss  susceptible  of  decom- 
poiiUon;  as  it  is  not  tteconiposeil  by  solution  io  boiling  nitric  or  sulphuric 
odd,  while  hydrous  cyanic  aciil  is  decomposed  by  the  addition  of  water. 

Hydrous  cyauic  acid,  at  the  ordinary  temperature  of  tlie  air,  spouiane- 
Doaly  undergoes  an  explosive  decomposiiion,  attended  by  an  evolution  of 
beat,  and  is  converted  into  a  solid  mass  of  doz^liog  wbileneas.  This  utass 
Boosista  of  a  variety  of  cyanuric  acid,  which  diders  from  thai  above  de- 
Rcribed,  in  being  insoluble  in  water  or  nitriaacid,  and  in  being  decomposed 
bf  sulphuric  acid.  It  is,  therefore,  to  be  considered  as  presenting  a  case 
of  isomerism. 

It  ia  remarkable  that,  although  cyanuric  acid  consists  of  the  same  cle- 
nKnts  in  the  same  proportion  as  hydrous  cyanic  acid,  it  carries  the  hydro- 
gen and  oxygen  which  exist  in  it  in  the  pro[>orlioa  to  form  water,  into 
rvery  combiaaiioo  which  it  forms ;  while  the  hydrous  cyanie  acid,  in  com- 
bioiiig  with  ba^es,  sepurates  from  the  water,  which  must  be  considered, 
nhea  in  union  with  this  acid,  as  acting  as  a  base. 

To  bodies  which,  although  they  contain  the  same  elements  in  tits  same 
ntio,  yet  hold  ihem  ditierently  associated,  so  that  in  reacting  with  other 
■gents,  they  are  resolved  into,  or  form  compounds  differing  in  composi- 
tion, ibe  term  mctamcric  has  boen  applied.  Thus,  hydrous  cyanic,  and 
cyanuric  acid  are  said  to  be  metamcric  with  regard  to  each  other. 

Another  compound  of  cyanogen  with  oxygen  exists  in  the  fulminating 
mercury  of  Howard,  and  the  analogous  fulnuDaiing  silver  of  Descotils. 
Liebig  ascertained  these  compounds  to  contain  an  acid  common  to  both, 
which  he  called  fulminic  acid,  but  which,  agreeably  to  the  analysis  made 
Irr  him  and  Gay-Lussac,  was  identified  lu  composition  with  cyanic  acid. 
Th,  as  the  latter  would  not  produce  fulminating  compounds,  and  differed 
b  its  other  properties,  these  acids  have  been  considered  as  affording  ano- 
llier  instance  of  isomerism.  Mr.  Edmund  Davy,  however,  alleges  the  ex- 
istence of  nitrogen  in  excess,  and  hydrogen  in  fulminic  acid. 

Piilminic  acid  is  a  colourless,  transparent,  volatile  liquid,  which  reddens 
lilnnis,  and  produces  a  taste  at  first  sweet,  but  afterwards  astringent  and 
&ag(eeable.  Its  fumes  have  a  pungent  and  disagreeable  odour,  and  pro- 
duce b^dach  when  incautiously  inhaled. 

Besides  these  acids,  M.  Liebig  has  recently  discovered  another,  which 
bpolymcric  with  regard  to  cyanuric  acid;  as  it  consists  of  the  same  ele- 
ments in  the  same  ratio,  though  twice  as  mucli  of  each  enters  into  the 
ampoiiition  of  an  atom. 

Of  the  Chlorides,  Bromides,  and  Iodides  of  Cyanogen. 

Chlorine  forms  two  compounds  with  cyanogen,  a  protochloride  and  a 
Krchloride.  The  protochloride  is  a  colourless,  fetid  gas,  which  may  be 
Bquefied,  and  even  solidified  by  cold.  In  common  with  several  othercom- 
pounds  of  cyanogen,  it  possesses,  even  when  gaseous,  the  singular  pro- 
perty of  producing  pain  by  contact  with  the  skiu.  The  perehtoride  is  a 
*hile  crystalline  suhstanc?,  with  an  odour  resembling  that  of  mice. 

Bromine  anrl  iodine  both  form  with  cyanogen,  crystalline  compounds. 
tTic  chlorides  and  bromides  of  cyanogen  are  energetic  poisons. 

Of  Svlphocyanogen. 

]l  has  been  slaled  thai  the  yellow  salt,  usually  known  as  ferroprussiale 

jppoiash,  is  by  Berzeliiis  consiilered,  when  ftw  from  water,  ns  consisting 
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or  cyanogen,  iron,  and  polassium;  also  that  I  consider  il  as  a  cyanofe. 
rile  of  the  cyanobasc  of  potassium.  When  this  sail,  dejiccated  (o  efBo- 
rcsc«nce  and  finely  pulverized,  is  mingled  with  (lowers  of  aulphur,  and  «. 
posed  to  a  red  heat  in  a  porcelain  crucibte,  the  iron  is  displaced;  the  ad 
phur  and  cyanogen  uniting,  form  a  compound  called  sulphocyonogen,  i 
this  uniting  with  the  potassium,  constitutes  a  sulphocyanide. 

Sulphocyanogen  has  been  isolated  by  passini;  chlorine  through  a  so 
lion  of  sulphocyanide  of  polassium,  or  by  subjecting  that  compound  to 
trie  acid.     Berzelius  considers  sulphocyanogen  as  one  of  his  halogen  tai 
dies. 

The  intense  blood-red  colour  whicli  il  produces  with 
striking  properly  of  suipiiocyanogen,  and  has  led  to  th 
the  sulphocyanide  of  iron  ra«y  be  the  colouring  mailer  of  the  blood.       i 

Sulphocyanogen  is  solid,  insoluble  in  water  or  alcohol,  aud  may,  iail 
anhydrous  state,  be  sublimed  without  change.  It  is  composed  of  me  aU 
of  cyanogen,  and  two  atoms  of  sulphur.  i 

Dr.  Thomson  slates  that  another  compound  of  sulphur  and  cyvnoaei 
exists,  containing  one  atom  of  sulphur  and  two  atoms  of  cyanogen.  TH 
compound  may  bo  oblained  in  transparent  colourless  crystals.  It  is  1 
tile,  possesses  a  strong  smell,  and  Is  soluble  in  water.  When  applied  b 
the  lungue,  even  in  a  minute  quantity,  it  produces  intense  pain;  and  dl 
part  touched  remains  red  and  painful  for  some  time. 

Of  Sulphocj/anhydric  Acid. 

This  acid  may  be  oblained  from  a  solution  of  iho  sulphocyanide  of  po-  1 
tassium,  by  the  addition  of  phosphoric  acid.  Water  is  dccompaaed,  the 
oxygen  luiites  with  the  potassium,  forming  polaah,  with  which  iho  phos- 
phoric acid  combines,  and  the  hydrogen  with  the  sulphocyanogen,  fomung 
suiphocyanhydric  acid,  which  maybe  separated  by  distillation.  This  acid 
is  liquid  and  colourless,  has  an  acid  taste,  and  powerful  odour.  Il  bococnes 
solid  at  14°,  and  boils  at  216°.  It  is  composed  of  one  atom  of  sulpbu- 
cyanogen,  and  one  atom  of  hydrogen. 
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Of  Cyanhydric  or  Pnissic  Acid. 

One  atom  of  cyanogen,  equivalent  26,  with  one  at 
of  hydrogen,  equivalent  I,  forms  one  atom  of  cyanhyi 
acid,  equivalent  27. 

This  acid  has  heen  detected  in  water  distilled  from 
bitter  almonds  and  from  laurel  leaves,  also,  from  peach 
leaves  or  blossora;?.     Between  the  odour  of  these, 
that  of  the  acid  when  dilute,  it  would  be  difficult  to  di»ij 
criminate. 

Laurel  water  has  long  been  known  as  a  poison.  TVater 
distilled  from  peach  leaves  has  been  used  to  impart  ao 
agreeable  ilavour  to  food.  Some  peach  leaf  water,  pro- 
pared  by  Mr.  Wetherill,  gave  indications  of  cyanliydric 
acid,  by  producing  a  blue  colour  with  a  solution  of  iron. 

'Jjjjeje  have  been  instances  in  which  noyeau,  a  cordial 


made  from  the  kernels  of  bitter  almonds,  has  proved  poi- 
sonous from  the  presence  of  cyanhydric  acid. 

There  is  a  salt  consisting  of  two  atoms  of  cyanogen 
Bud  one  of  mercury,  called  bicyanide  of  mercury.  When 
this  salt  is  subjected  to  the  action  of  chlorohydric  acid, 
the  chlorine  forms  a  cliloride  with  the  mercury,  while  the 
hydrogen  forms  cyanhydric  acid  with  the  cyanogen. 

It  may  be  more  conveniently  obtained  by  impregnating 
with  sulphydric  acid,  a  solution  containing  sixty  grains  of 
bicyanide  of  mercury  for  every  ounce  of  water.  The  hy- 
drogen unites  with  the  cyanogen,  while  the  sulphur  pre- 
cipitates with  the  metal.  Any  excess  of  the  sulphydric 
acid  is  easily  removed  hy  the  carbonate  of  lead.  The 
apparatus  for  impregnation  with  sulphydric  acid,  has  been 
liegcribed  already,  page  211. 

The  acid  may  be  procured  in  its  most  concentrated 
form,  by  exjjosing  the  bicyanide  in  crystals,  in  a  tube,  to 
sulphydric  acid  gas,  and  employing  a  receiver,  surrounded 
by  saJt  and  snow,  to  condense  the  vapour  evolved. 


Apparatuafor  the  Emlulioa  of  Cganh^dric  or  Prumc  Acid. 


La  a  tube,  three- rourths  of  an  inch  in  bore  and  al«ui  iwn  (feet  in  longlh, 
he  beot  at  right  angles,  at  al)Out  six  inches  distanca  from  one  end.  Let 
lie  sborier  portion  be  drawn  out  into  a  tapering  form,  with  a  bore  not  ex- 
Kediog  a  tenth  of  an  inch  in  diameter.  IJpan  the  larger  ori£ce  let  a  brass 
■and  be  cemented,  in  which  a  female  screw  bas  been  cut,  so  that  a  stuffing 
lox,  furnished  with  a  corresponding  male  screw,  may  be  easily  fastened 
ir-bght  lo  the  band,  or  removed  when  desirable.  Through  the  sluffing 
ox  an  iron  rod  passes,  flattened  like  an  oar  at  the  end,  which  is  withia  the 
jbe  when  the  stufEng  box  is  in  its  place.  There  must  likewise  be  a  late- 
b]  aperture  in  the  band  communicating  with  tlie  cavity  of  (he  lube,  ani 
uwbed  with  a  gallows  screw.    The  main  body  of  the  tube  is  to  be  9>< 
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ated  nearly  level,  yel  a  littlu  iaclined  towards  the  ciirvaUii«i  aolhutbt 
'  tapering  extremity  may  descend  nearly  perpendicularly  into  a  tall  namm 
phial,  surrounded  by  a  Creezing  mixture.  The  horizontal  portion  of  lln 
.tube  near  the  bend  should  likewise  be  refrigerated.  The  apparatus  lieiD| 
thus  arranged,  introduce  a  sufTicienl  quantity  of  the  bicyaiiide  of  memin 
into  the  lube,  and  close  it  by  iaeerting  the  stuffing  box  with  its  rod.  ui 
the  next  place,  by  meana  of  the  gallows  screw,  make  a  commuuicaiion  tfr 
tween  the  cavity  of  the  tube,  and  a  self- regain  ling  reservoir  of  sulphyilric 
acidi  This  gas  must  be  allowed  to  pass  into  the  tube  very  slowly,  aal 
meanwhile,  by  meana  of  the  rod,  the  bicyaiiide  is  to  be  stirred-  BeG)M 
long  a  portion  of  ibe  cyanhydric  acid  will  be  seen  in  the  narrow  puttf 
the  tube.  This  serves  to  regululc  the  admission  of  the  sulphydric  lai) 
since,  when  the  quantity  passing  into  the  lube  is  inadequate,  the  liquid  viS 
riaa  in  ihc  tube;  when  too  great,  it  will  be  expelled  from  it.  By  itietf 
means,  after  a  little  while,  all  the  bicyanide  will  be  decomposed,  aod  ■ 
corresponding  quantity  of  acid  collected  in  the  refrigerated  phial. 

Properties  of  Cyanhydric  Acid. — This  acid  is  a  colom^ 
less  liquid,  which  emits  a  powerful  odour,  resembling  that 
of  peach  blossomg.  When  perfectly  free  from  water,  it 
is  far  more  volatile  than  ether,  as  it  boils  at  79"  F..  airi 
evaporates  so  rapidly,  that  one  portion  becomes  frozeO' 
by  the  loss  of  the  caloric  which  the  other  absorbs  iff 
passing  into  the  aeriform  state.  Its  specific  gravity  la 
0.7058,  being  nearly  the  same  as  that  of  sulphuric  ether. 

Anhydrous  cyanhydric  acid  is  sometimes  decomposed 
in  a  few  hours,  especially  if  not  protected  from  the  ligh^ 
and  can  never  be  preserved  longer  than  a  fortnight. 
Either  wlien  in  the  state  of  a  liquid,  or  vapour,  this  acid 
is  probably  the  most  active  poison  known.  The  applicar 
tion  of  a  few  drops  to  the  arm  of  a  man  has  produce! 
death,  and  its  fumes  are  equally  deleterious  when  inspire^ 
As  when  free  from  water,  this  acid  boils  at  79",  neai^ 
20°  below  the  temperature  of  the  blood,  it  must  be  coq 
verted  into  vapour  too  soon  to  produce  its  full  effed 
From  a  cavity  like  the  ear,  the  pure  acid  must  be  ejccte( 
in  vapour  immediately.  1  am,  therefore,  under  the  im- 
pression that  it  is  less  effectual  as  a  poison  when  anhy- 
drous, than  when  combined  with  a  minute  proportion  irf 
water. 

Upon  one  occasion,  touching  the  ear  of  a  rat  confined 
in  a  glass  jar  with  a  drop  of  the  anhydrous  acid,  the  aoi- 
mal,  being  obliged  to  breathe  the  vapour,  died  instanta- 
neously with  a  slight  sneezing.  Yet  upon  another  occa- 
sion I  injected  nearly  half  a  drachm  into  the  ear  of  a 
Inrrro  (Jog  without  killing  him.    I  afterwards  killed  him 


J 


K injecting  a  like  quantity  into  his  nose.  The  acid  em- 
yed  was  so  pure  as  to  freeze  by  its  own  evaporation. 

The  best  remedy  for  it  is  an  aqueous  solution  of  chlo- 
be,  or,  wliere  that  is  not  to  be  had,  ammonia. 

Cyanhydric  acid  is  sometimes  employed  in  medicine, 
bough  in  very  small  doses,  and  in  a  very  diluted  state. 

It  has  been  proposed  to  detect  cyanhydric  acid,  in  cases 
■  which  it  may  have  been  employed  in  poisoning,  hy 
ubjecting  the  stomacli  and  its  contents  to  distillation 
nth  water,  and  testing  the  liquid  product  by  copper  or 
ron. 

I  should  place  much  reliance  on  the  characteristic 
mell  of  the  acid,  which  is  that  of  peach  blossoms,  and 
rbich  may  be  perceived,  not  only  irom  the  presence  of 
lie  acid,  but  likewise  from  that  of  any  of  the  cyanides,  if 
Bbjected  to  tlie  action  of  chlorohydric  acid. 

237.  Experimental  Illustrations. 
The  processes  for  the  production  both  of  the  aqueous 
and  anhydrous  cyanhydric  acid,  exhibited;  also,  the  con- 
gelation of  the  latter  by  the  cold  arising  from  its  own  eva- 
poration. 
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Preparation. — By  the  addition  of  sulphuric  acid  to  a  sa- 
turated solution  of" biborate  of  soda  (trarax)  in  water,  shi- 
ning crystalline  plates  are  precipitated,  consisting  of  boric 
acid.  From  these  crystals  boron  may  be  obtained,  either 
by  the  action  of  a  powerful  Voltaic  series,  or  by  first  vi- 
trifying them,  then  finely  pulverizing  the  resulting  glass, 
and  afterwards  heating  the  acid  thus  prepared  in  contact 
with  potassium. 

Boron  may  be  obtained  by  means  of  the  apparatus  em- 
ployed for  the  evolution  of  silicon,  described  page  301, 
substituting  ttuoboric  acid  gas  for  fluosilicic  acid  gas. 

Properties. — Boron  is  of  a  dark  olive  colour,  tasteless, 
inodorous,  a  non-conductor  of  electricity,  and  insoluble 
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either  in  alcohol,  ether,  or  the  oils.  Its  atomic  weight  a 
11.  It  is  susceptible  neither  of  fusion  nor  volatilization. 
When  heated  in  the  air  to  GOO"  F.,  it  takes  fire,  and,  by 
uniting  with  oxygen,  generates  boric  acid.  Neverthelea 
only  a  portion  of  the  boron  is  oxidized,  thd  remainder 
being  protected  by  a  crust  of  fused  boric  acid.  If  this 
crust  be  removed  by  water,  the  boron  will  be  found  to 
have  undergone  a  change  similar  to  that  produced  in  char- 
coal hy  an  intensely  high  temperature.  It  is  rendered 
harder,  more  difficult  to  ignite,  and  so  much  denser,  that, 
although  its  specific  gravity  was  before  only  1.83,  it  now 
sinks  rapidly  in  sulphuric  acid  of  tlie  specific  gravity  of 
1.844.  Before  it  has  been  ignited,  boron  is  slightly  so- 
luble in  water;  and  its  solution,  when  evaporated  to  a 
certain  point,  forms  a  gelatinous  mass,  which,  by  com- 
plete desiccation,  becomes  opaque,  and  assumes  the  usual 
appearance  of  boron. 

COMPOUND  OF  BORON  WITH  OXYGEN. 
0/  Boric*  or  Boracic  Add. 

The  means  of  procuring  this  acid  have  been  mentioned 
in  describing  the  process  for  obtaining  boron.  Borax  a 
a  biborate  of  soda,  from  which  boric  acid  may  be  libe- 
rated in  crystals,  as  above  described,  by  the  superior  affi- 
nity of  sulphuric  acid  for  the  soda. 

Properties. — Boric  acid  is  crystalline  as  first  obtained 
from  borax,  but  forms  a  glass  when  deprived  by  heat  of 
its  water  of  crystallization.  It  is  colourless,  inodorous, 
almost  tasteless,  and  sparingly  soluble  in  water.  In  the, 
form  of  an  aqueous  solution,  its  agency  is  weak,  and  it  is 
in  consequence  rarely  used  in  that  state.  In  comnion 
with  silicic,  phosphoric,  and  arsenic  acid,  being  fixed  at 
temperatures  at  which  sulphuric  and  nitric  acid  are  de- 
composed, it  will  at  those  heats  expel  them  from  their 
combinations;  although,  when  water  is  present,  and  at 
low  temperatures,  it  is  displaced  from  combination  not, 
only  by  those  acids,  but  by  many  others.  It  consists  of 
one  atom  of  boron,  and  three  of  oxygen. 

Boron,  in  its  habitudes,  seems  to  lie  between  phoepho— * 

b  Uio  French  cliemielB  and    BerielluB,  in  employing  the  word  ti 

etc,  Bs  more  nalurallr  Keneraled  from  boron,  hy  anilogy  witb  : 

acida  formed  willi  radicals,  la  the  last  latter  of  which  tho  leltira  it  araiuni 
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and  carbon.  In  its  insusceptibility  of  volatilization, 
sibility,  and  the  temperature  requisite  for  its  combus- 
,  it  is  most  allied  to  carbon ;  yet  boric  acid  is  more 
logous  to  phosphoric  than  to  carbonic  acid.  Both 
sphoric  and  boric  acid  are  capable  of  being  reduced 
.  vitreous  state,  and  bear  a  white  heat  without  being 
Ltilized;  while  the  acid  of  carbon  is  naturally  aSriform. 
loric  acid  and  the  biborate  of  soda  are  of  great  use  in 
(rpipe  assays,  as  fluxes,  and  in  soldering,  as  the  means 
rotecting  metallic  surfaces  from  oxidation. 

238.  Experimental  Illustrations. 

aturated  solution  of  borax,  decomposed  by  sulphuric 
I.  Exhibition  of  crystals  of  the  acid  and  of  the  bibo- 
,  which  are  severally  fused  into  a  glass  by  the  com- 
nd  blowpipe.  Effects  of  cobalt  and  manganese  upon 
colour  of  the  glass,  of  which  a  globule  is  conveniently 
3orted  by  a  platinum  wire. 

Of  Chloride  of  Boron. 

le  chloride  of  boron  may  be  obtained  by  the  combustion  of  boron  in 
ine;  or  by  passing  a  current  of  chlorine  over  a  mixture  of  charcoal 
boric  acid,  heated  to  redness  in  a  porcelain  tube, 
he  chloride  of  boron  is  a  colourless  gas,  possessing  a  strong  and  pe- 
r  smell.  When  brought  in  contact  with  water,  a  reciprocal  decom- 
ion  takes  place,  and  boric  and  chlorohydric  acid  result.  It  forms  a 
3  salt  with  ammonia,  and  is  by  some  chemists  considered  as  an  acid. 


SECTION    VI. 

OF  SILICON. 

^reparation. — By  heating  sulphuric  acid  with  a  mixture 
powdered  Derbyshire  spar,  and  powdered  glass  or 
rtz,  a  permanent  gas  may  be  obtained.  When  potas- 
n  is  heated  in  this  gas,  silicon  is  evolved. 

Apparatus  for  evolving  Silicon  from  Fluosilicic  Acid  Ga^  by 

means  of  Potassium, 

iis  apparatus  is  represented  by  the  opposite  engraving.  Into  a  stout 
>gany  block  as  a  basis,  two  iron  rods,  A,  *  ""  "^  nlanted  as 
ctend  perpendicularly,  and  of  course  parall'  nbout 
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Iwo  feel  in  height.     Upon  ihese  rods,  two  iron  bars  are  supported 
zontally,  one  B,  near  their  upper  extremities,  the  other,  at  the  beighti 
about  six  inches  from  the  wooden  basis.     Id  the  centre  of  the  lower ' 
there  is  a  screw,  D,  having  a  handle  below  the  bar,  and  supporting 
it  a  circular  wooden  block.     Into  a  hole  in  the  upper  iron  bar,  equidi 
from  ihe  rods,  is  inserted  a  hollow  brass  cylinder,  C,  which  at  the  Ic 
end  screws  into  an  aperture  in  a  circular  plate  of  brass,  E,  which  is 
supported  horizontally  a  few  inches  below  the  bar.     By  these  i 
room  is  allowed  for  the  insertion  into  the  cylinder  of  four  valve 
each  furnished  with  a  gallows  screw.     The  cylinder  is  surmounted  byi 
stulhag  box,  F,  through  which  a  copper  sliding  rod,  G,  passes  ajr-tigl' 
The  brass  plate  is  turned  and  ground  to  Gt  a  bell  glass  of  about  five  u  ' 
in  diameter,  and  eight  inches  m  height,  which  is  pressed  up  when  n 
sary  between  the  plate  and  the  block,  by  the  screw,  D,  supporting 
block.     W  lihin  the  space  comprised  by  the  bell  glass,  and  on  one  side  of! 
the  centre  of  the  plate,  two  stout  brass  wires  are  inserted,  one  of  them  ii^' 
sulated  by  a  collar  of  leathers,  so  as  to  admit  of  the  ignition,  by  a  galva  '" 
discharge,  of  a  small  arch  of  platinum  wire,  which  reaches  from  one  to 
other.     The  sliding  md  above  meotioned  as  occupying  the  stuffing  I 
terminates  below  ilie  plate  In  an  elbow  which  supports  a  cup  at  right 
gles  to  the  rod,  al  the  same  distance  from  the  rtwl  as  the  platinum  w 
and  on  Ibe  opposite  side  of  it,  there  is  a  brass  cover,  H,  for  the  cup,  su|k| 
ported  from  the  plate.     The  arrangement  is  such,  that  by  a  suitable  move, 
ment  in  the  sliding  rod,  made  by  grasping  it  by  the  handle,  G,  in  whish 
it  terminates  externally,  the  cup  may  be  made  either  lo  receive  into  iU 
cavity  the  platinum  wire,  or  to  adjust  itself  to  its  cover,  H. 

The  bell  being  removed,  about  sixty  grains  of  potassium,  in  pieces  dm 
containing  more  than  fifteen  grains  each,  arc  to  be  introduced  into  the  cup, 
which  is  then  to  be  adjusted  to  the  cover,  and  (he  bell  secured.  In  tht 
next  place,  by  means  of  the  fiejciblc  lead  tubes,  P,  P,  P,  P,  and  the  gal- 
lows screws  attached  to  the  valve  cocks,  establish  a  communication  sev^ 
rally  with  an  air  pump,  a  self  regulating  reservoir  of  hydrogen,  a  baro- 
meter gauge,  and  a  jar  over  the  mercurial  cistern,  containing  fluosilidc 
acid  gas.  First,  by  means  of  the  air  pump,  exhaust  the  bell,  and,  in  onfef 
to  wash  out  all  remains  of  atmospheric  air,  admit  hydrogen  from  the  » 
servoir.  Again  exhaust,  and  again  admit  hydrogen.  Lastly,  exhaust  tht 
boll  of  hydrogen,  and  admit  the  fluosiiicic  acid  gas.  By  means  of  die 
gauge,  the  exhaustion  is  indicated  and  measured,  and  by  the  same  means 
it  will  be  seen  when  the  pressure  of  the  gas  within  the  bell  approaches  ihil 
of  the  atmosphere.  When  this  lakes  place,  the  cocks  being  all  closed,  and 
by  means  of  the  process  of  galvano-ignition,  (111,  183,)  the  platinum  wiw 
being  rendered  incandescent,  the  potassium  is  lo  be  brought  into  contact 
with  it.  \  pecuhar  deep  ted  combustion  ensues,  evolving  copiously  cb* 
col ate-col cured  fumes,  which  condensing  into  flocks  of  the  same  hue,  de- 
scend throughout  the  receiver,  and  are  deposited  upon  the  interior  aiabtti, 
90  as  to  create  in  the  mind  of  the  spectator,  the  idea  of  a  miniature  falllr 
chocolate-coloured  snow.  On  removing  the  bell  after  the  potassiuin  1m 
ceased  to  burn,  the  cup  which  held  it  is  found  Iq  contain  silicon  mind 
with  the  fluoride  of  potassium,  and  with  this  the  whole  of  the  cbocolilt- 
coloured  deposition  is  contaminated.  Siliciuret  of  potassium  is  likewiK 
found  in  the  cup;  since,  upon  the  affusion  of  water,  a  fetid  inflammable  gw 
is  evglvcd,  which  has  an  odour  reaembling  that  of  phosphoretted  hydroger 
and  which  must  obviously  be  the  analogous  compound  siliciuretl^  by^n 
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su  The  silicon,  being  insoluble,  may  be  separated  from  the  fluoride  by 
gestion  in  water.  When  the  potassium  employed  is  of  the  kind  ob- 
ined  by  means  of  charcoal,  the  silicon  is,  as  Berzelius  alleges,  adulte- 
ited  with  carbon.  I  am  under  the  impression  that  strong  nitric  acid  re- 
loves  this  impurity. 

Properties  of  Silicon. — It  is  of  a  brown-ash  colour, 
rithout  the  least  trace  of  metallic  lustre,  a  non-conductor 
f  electricity,  infusible,  and  incapaj^le  of  being  volatilized, 
t  is  not  liable  to  be  dissolved  or  oxidized  by  sulphuric, 
litric,  chlorohydric,  or  fluohydric  acid,  but  is  soluble  in  a 
Dixture  of  nitric  and  fluohydric  acid.  When  heated  to 
«dness  with  the  fixed  alkaline  carbonates,  it  burns  vivid- 
y;  and  when  dropped  upon  the  hydrates  of  potash,  soda, 
)r  baryta,  while  in  a  state  of  fusion,  it  explodes.  Yet  it 
8  unchanged  by  ignition  with  chlorate  of  potash,  and  ex- 
ercises but  a  feeble  reaction  with  nitre,  even  when  heated 
to  redness.  In  these  respects  its  habitudes  are  anoma- 
lous. 

When  silicon,  as  usually  obtained  by  the  aid  of  potas- 
jium,  is  intensely  heated  in  the  air  or  in  oxygen  gas,  it 
)urns  with  a  feeble  blue  flame;  but,  by  becoming  encrust- 
5d  with  silicic  acid,  a  portion  escapes  combustion.  This 
lortion  is  rendered  harder,  denser,  and  insusceptible  of 
ombustion  with  oxygen  at  the  highest  temperatures. 
Jerzelius  suspects  the  greater  combustibility,  and  inferior 
ensity  and  hardness  of  silicon,  in  the  state  in  which  it  is 
»btained  by  the  process  above  described,  to  be  due  to  the 
>resence  of  hydrogen,  derived  from  the  water  employed. 
n  this  state,  it  inflames  when  ignited  in  the  vapour  of 
ulphur,  and  forms  a  sulphide,  which  is  decomposed  by 
vater  into  sulphydric  and  silicic  acid. 

COMPOUND  OF  SILICON  WITH  OXYGEN. 
Of  Silica^  or  Silicic  Acid. 

One  atom  of  silicon  with  one  atom  of  oxygen,  each 
equivalent  to  8,  forms  one  atom  of  silicic  acid,  equiva- 
ent  16. 

Preparation. — Quartz  being  powdered,  and  fused  with 
three  times  its  weight  of  pearlash,  a  glass  is  obtained, 
wrhich,  being  soluble,  forms  with  water  a  liquid,  called 
formerly  liquor  silicum,  or  liquor  of  flints.  An  acid  being 
30ured  into  this  solution,  silicic  acid,  slightly  contami- 
lated  by  potash,  is  precipitated. 
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To  obtain  silicic  acid,  Berzelius  advises  us  to  fuse  in  a 
platinum  crucible,  equal  parts  of  the  carbonates  of  potash 
and  soda,  and  to  add  quartz,  finely  pulverized,  in  small 
successive  portions.  The  effervescence  arising  from  the 
addition  of  one  portion,  is  allowed  to  subside  before  add- 
ing another,  until  effervescence  can  no  longer  be  excited. 
The  refrigerated  mass  is  dissolved  in  chlorohydric  acid, 
and  the  solution  filtered  and  evaporated  to  dryness.  To 
remove  all  traces  of  iron  or  alumina,  the  dry  mass  is  kept 
moist  with  chlorohydric  acid,  during  about  two  hours, 
and  afterwards  washed  with  hot  water,  and  then  exposed 
to  a  red  heat.  Silicic  acid  will  remain  in  a  sufficient  de- 
gree of  purity. 

Pure  silicic  acid,  in  the  well  known  form  of  rock  crys- 
tal, is  found  throughout  nature.  Its  usual  crystalline 
form  is  a  six-sided  prism,  terminated  by  a  pyramid  with 
six  faces. 

Properties. — Pure  silicic  acid  is  white,  tasteless,  and 
inodorous,  and  has  a  specific  gravity  of  2.66.  Its  solu- 
tion does  not  redden  litmus,  and,  when  evaporated  to  a 
certain  point,  forms  a  translucent  jelly.  It  is  soluWe 
when  nascent,  but  insoluble  after  exposure  to  heat  or  de- 
siccation, or  in  its  native  crystalline  form. 

It  was  first  fused  by  myself,  in  the  year  1801,  by  means 
of  the  compound  blowpipe.     It  has  never  been  volatilized. 


Of  Chloride  of  Silicon* 

When  silicon  is  heated  in  chlorine  it  inflames,  evolving  heat  and  light, 
and  a  chloride  of  silicon  is  formed. 

It  is  a  volatile  liquid,  possessing  a  sharp  and  powerful  odour.  In  con- 
sequence of  the  absorption  of  an  excess  of  chlorine,  it  is  generally  coloured 
yellow.  It  boils  below  212°,  and,  by  the  addition  of  water,  is  converted 
into  chlorohydric  and  silicic  acid. 


240.  Experimental  Illustrations* 

Silicate  of  potash,  exhibited;  also  the  solution  of  it, 
called  liquor  silicum,  from  which  silica  is  precipitated  by 
means  of  an  acid. 

Of  Glass. 

If  the  proportions,  in  which  sand  and  alkali  are  used  as  above  men* 
t<  the  liquor  silicum,  be  reversed,  the  insoluble  compound  of  silicic 
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acid  and  alkali,  known  under  ihe  nainc  of  glass,  is  obtained,  wliich,  how< 
ever  pure  the  materials,  has  a  slight  (ingc  of  green.  This  is  removed  by 
a.  due  admixturo  of  the  red  oxide  of  lead,  and  black  oxide  of  manga ncse. 

Anrualirtg  ProceM. — A  sudden  diminution  of  the  quanlily  of  caloric 
wnoiig  the  exterior  particles  of  a  thick  piece  of  glass  in  a  slate  of  ignition, 
w  Dol  attended  by  a  corresponding  diminution  of  the  quantity  of  this  prin- 
ciple among  the  particles  within,  owing  to  the  slowness  with  which  glass 
conducts  beat.  Hence,  ijicre  can  neither  be  a.  general  coherence,  nor  a 
nniform  arrangnncDt  among  the  particles;  unless  the  cooling  bo  very  slow, 
ao  B3  to  allow  the  jefrigerntion,  within  and  without,  to  be  nearly  simulta- 
oeoua.  As  it  never  can  be  perfectly  simultaneous,  the  annealing  will  nl- 
wayg  be  defective,  other  things  being  equal,  in  proportion  as  the  glass  is 
thicker.  Were  the  particles  subjected  to  radiant  heat  only,  the  process 
would  be  more  efTectual;  as  this,  when  proceeding  from  incandescent  sur- 
Aces,  has  been  asccrloioed  to  penetrate  and  even  to  pass  through  glass. 

By  gradually  making  up  a  fjre  of  charcoal,  at  about  four  inches  dis- 
laoce  on  each  side  of  a  glass  tube  of  about  an  inch  and  a  quarter  in  thick- 
neas,  and  with  a  very  small  bore,  I  was  enabled  to  heat  it  red-hot,  with- 
out causing  a  fracture.  From  its  situation,  it  was  subjected  to  radiant 
ikst  only. 

Prince  Ritpeji'a  Drops. — When  glass,  in  a  state  of  fusion,  is  dropped 
into  water,  the  defective  states  of  cohesion  and  arrangement,  consequent 
to  the  want  of  annealing,  arc  at  the  maximum.  Such  drops  have  long  been 
known  under  Ihe  name  of  Prince  Rupert's  drops.  It  is  only  necessary 
to  brpak  off  the  slender  fdajncnt  in  which  the  mass  terminates,  in  order  to 
cause  an  explosive  dispersion  of  the  whole  into  a  coarse  powder. 

The  cohesion  of  the  particliis  in  glass  tubes,  is  oflcn  nearly  as  imper- 
Icci  as  in  Prince  Iluperl's  drops.  The  slightest  murk  from  a  file  on  the 
interior  surface,  or  even  wiping  them  out,  especially  if  a  metallic  wire  be 
employed,  mav  enuse  them  to  break  into  pieces.  Sometimes  the  fracture 
ensues  immediately,  at  other  limes,  not  till  many  hours  have  intervened. 


Fluorine  was  cursorily  noticed  at  page  177.  As  the 
theoretic  grounds  upon  which  its  existence  is  assumed, 
cannot  be  elucidated  without  a  reference  to  the  com- 

r)unds  which  it  forms  with  hydrogen,  boron,  and  silicon, 
deferred  treating  of  these  compounds  until  the  student 
should  be  acquainted  witli  those  substances. 

The  three  coinpouiids  referred  to  are  all  acids,  called 
^fiuohydric,jluoboTic,  and  Jluosilicic  acid' 


Of  Flaohgdrie  Aeid,  geaerallif  called  Hydrofuoric  Acid. 

It  is  supposed  ihat  fluorine  exists  in  nature  in  union  with  the  metals  of 
the  earths  and  alkalies,  especially  with  calcium,  a  meial  of  which  lime  is 
Ihe  oxide.  Such  compounds  are  called  fluorides.  The  remarkable  min^ 
ral,  called  Derbyshire  or  fluor  spar,  is  viewed  as  a  tluorids ' 

N«  long  «nce,  Derbyshire  spar  was  considered  a  col 
44 
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with  an  acid,  callcK]  fluoric  acid,  anJ  supposed  lo  consist  of  osygen  and 
an  iinknowD  radical.  Mr.  Ampere  first  suggested  the  present  doctnite, 
which  was  sood  adopted  by  Sir  H.  Davy,  and  is  oow,  I  believe,  aimed 
universally  sanctioned. 

Preparation. — When  fluoride  of  calcium  is  pulverized,  and  healed  id  a 
leaden  retort  with  twice  its  weight  of  concentrated  sulphuric  acid,  ibewalv 
in  combination  with  the  acid  is  decomposed.  The  oxygen  and  acid  foim 
sulphate  of  lime  with  the  calcium;  while  the  hydrogen  produces  with  the 
fluorine,  fluohydric  acid,  which  passes  over  In  the  form  of  a  very  volatila 
acid  vapour,  and  may  be  condensed  in  a  leaden  or  silver  receiver,  nu^ 
rounded  by  a  mixture  of  snow  and  salt.  If  received  in  water,  it  coadensei 
without  refrigeration,  and  forma  a  ddutcd  acid. 

Proptrlici. — Fluohydric  acid  is  a  colourless,  limpid  liquid,  which  b«!«    ' 
el  a  little  below  60°.     When  anhydrous,  its  specific  gravity  is  1 .0609.    It 
is  so  volatile,  that  in  a  close  apartment  it  cannot  be  decJinted  without  sub- 
jecting the  operator  to  intolerable  fumes.     This  operation  must  be  per-     I 
fornied  where  there  is  a  current  of  air  to  carry  them  off. 

It  ulcerates  the  skin  with  peculiar  activity,  and  corrodes  glass  so  as  to 
trace  its  course  indelibly,  in  running  over  the  surface.  It  must  be  kepi  a 
vessels  of  silver  or  lead,  accurately  closed.  When  received  In  water  it  ii 
absorbed,  forming  aqueous  fluohydric  acid,  and  is  theo  more  easily  pi» 
served. 

One  atom  of  hydrogen,  equivalent  I,  with  one  atom  of  fluorine,  equiva- 
lent 18,  is  supposed  to  form  one  atom  of  fluohydric  acid,  equivalent  19. 

241.  Experimental  IlluatrcUions. 
Powdered  fluoride  of  calcium,  heated  with  sulphuric 
acid  in  a  leaden  retort,  adapted  to  a  receiver  surrounded 
by  a  mixture  of  snow  and  salt.  Same  process,  subslitu* 
ting  a  receiver  with  water,  by  means  of  Knight's  appara- 
tus.    Effect  of  fluohydric  acid  upon  glass. 

Of  Fluohoric  Add. 

Preparation, — It  may  be  obtained  by  intensely  heating  a  mixture  of 
two  parts  of  powdered  fluoride  of  calcium,  with  one  of  vitrified  boric  add, 
in  an  iron  tube.  One  part  of  the  boric  acid  is  decomposed,  the  oxygea  of 
which,  and  the  remaining  portion  of  the  acid,  form  borate  of  lime  with  the 
calcium;  while  the  boron  unites  with  the  fluorine,  forming  fluoboricacid 
gaa,  which  must  be  received  over  mercury-  Pluoboric  acid  gas,  may  Iik» 
wise  be  procured,  by  heating  in  a  glass  retort  two  parts  of  fluoride  of  cat 
cium  and  one  of  boric  acid,  with  twelve  partsof  concentrated  sulphuric  acii 
Berzelius,  however,  stales  that,  when  obtained  by  this  method,  it  is  cd^- 
laminated  by  fluoailicic  acid,  arising  from  the  action  of  the  fluorine  oalht 
glass.  This  might,  however,  be  avoided  by  performing  the  operatioQ  inl 
leaden  retort. 

Dr.  Thomson  states  that  the  best  method  of  obtaining  fluoboric  acid  gB«, 
is  one  which  was  suggested  by  Berzelius.  Boric  acid  is  to  be  liissolvod 
in  anhydrous  fluohydric  acid,  and  a  gentle  heat  applied  to  the  solution. 
A  reciprocal  decomposition  takes  place;  the  hydrogen  of  the  fluohydric 
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acid  combines  with  the  oxygen  of  the  boric  acid,  fonning  water,  while  the 
fluorine  unites  with  the  boron,  and  constilulea  fluoboric  acid  gas. 

Proprrties. — Fluoboric  acid  is  a  colourless,  transparent  gas,  with  a  po- 
tent odour,  and  an  acid  taste.     It  reddens  litmus  paper,  and  is  destniclive 
to  lift;.     Its  specific  gravity  is  2.36S3.     Water  absorbs  seven  hundred 
limes  its  volume  of  lhi!t  gaa.     When  fluoboric  acid  is  passed  into  water, 
the  oxygen  of  a  portion  of  iheValcr  unites  with  the  boron,  forming  boric 
Acid,  while  the  hydrogen  combines  with  the  fluorine,  producing  fluohydric 
Iscid.     The  boric  acid  precipitates,  and  the  tluohydnc  acid  combines  with 
e  undccomposed  portion  of  the  fluoboric  acid,  forming  a  compound  which 
Braeliua  designnles  as  hydrofluoboric  acid,  but  which,  acconling  to  the 
^komeuclalure  which  I  have  adopted,  should  be  c&Wcd ^uohydroborie  acid. 
**wc  continue  to  pass  fluoboric  acid  gaa  into  the  water,  or  partially  ab- 
lact  this  liquid  by  evaporation,  until  the  solution  of  fluoboric  acid  bo- 
Iconics  saturated,  the  aflinilica  which  were  at  first  brought  into  play  are 
li«vcrseij.     The  hydrogen  of  the  fluohydric  acid  unites  with  the  oxygen  of 
Kibe  precipitated  boric  acid,  and  the  fluorine  with  the  boron;  so  that  we 
■Snally  obtain  a  simple  solution  of  fluoboric  acid  in  water.     This  solution 
Vfaal  first  fiiiRiDg;  but  on  the  application  of  heat  it  yields  up  a  fiflh  part  of 
its  gas,  and  then  strongly  resembles  concentrated  sulphuric  acid  in  appear- 
ance.    Like  that  acid,  it  carbonizes  organic  products,  in  consequence  of 
its  affinity  for  water. 
Three  atoms  of  fluorine,  equivalent  54,  and  one  atom  of  boron,  equiva- 

I  lent  11,  form  one  atom  of  fluoboric  acid,  equivalent  65. 
Of  Fluotilicic  Acid. 
Preparation. — It  may  be  obtained  by  adding  to  the  materials  for  evolv- 
ing fluohydric  acid,  one  half  their  weight  of  finely  powdered  glass,  subject- 
ing the  mixture  to  heat  in  a  glass  retort,  and  receiving  the  product  over 
mercury;  as  by  water  it  would  bo  rapidly  absorbed. 

The  oxygen  of  the  silicic  acid  in  the  glass,  with  the  sulphuric  acid  and 
t^lcium,  forms  a  sulphate  of  lime;  while  the  fluorine  and  silicon  escape 
in  the  form  of  fluosilicic  acid  gas. 

The  apparalus  which  I  employ  for  fluosilicic  acid,  is  precisely  the  same 

3  that  described  under  the  head  of  ammonia. 

Propertiea. — Fluosilicic  acid  is  a  transparent,  colourless  gas,  with  a 

ujliar  and  suffocating  odour,  closely  resembling  that  of  chlorohydric 

It   reddens  litmus  paper,  and   has  a  specific  gravity  of  3.5735. 

1  brought  in  contact  with  water  it  is  rapidly  absorbed,  and  a  decom- 

Dsition  takes  place,  similar  to  that  which  ensues  in  the  case  of  fluoboric 

Idd  under  similar  circumstances.     Silicic  acid  is  deposited  in  tho  form  of 

""a  gelatinous  mass,  and  fluohydric  acid  is  produced,  which  combines  with 

the  undecom posed  portion  of  the  fluosilicic  acid,  forming  a  compound  acid, 

to  which,  if  it  be  an  acid,  I  would  give  the  name  o^  fuohydrosilieie.     If 

the  water  in  combination  with  the  fluohydrosilicic  acid  be  partially  re- 

Lnovod  by  heat,  fluosilicic  acid  gas  escapes,  leaving  fluohydric  acid  in  so- 

lioo. 

One  atom  of  fluorine,  equivalent  18,  with  one  atom  of  silicon,  equivalent 
one  atom  of  fluosilicic  acid,  cquiv|I 
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242.  Experimental  Blustralions. 
Production  of  fluosilicic  acid,  shown :  also  its  absorp 
tion  by  water,  and  the  precipitation  of  silicic  acid,  ai 
above  described. 

Cff  the  Reactinn  of  Flvohydric  Acid  with  Fluoborie  and  FlvotiUat 
Acid,  and  of  the  Nomeitclalvre  of  the  Compoundt  formed  by  Ike  ' """ 
on  ineeting  luitk  OxibcLsea. 

The  onion  which  ensues  between  fluohydric  acid,  and  either  flnoboiic,! 
fluosilicic  acid,  agreeably  to  the  preceding  statement,  may  appear  ana 
louB,  id  the  way  in  which  it  has  hitherto  been  treated.  If,  however,  I 
correct  in  my  mode  of  defining  the  difference  between  an  acid  and  a  In 
(page  S62,)  the  coinbinations  in  question  will  not  prove  to  be  anomak 
1  deem  it  consistent  to  suppose  that  a  fluobase  of  hydn^en  unitOB,  in 
one  case  with  fluoborie  acid,  in  the  other  with  fluosilicic  add;  so  I 
fluohydroboric  acid  might  be  called  fluoborate  of  the  fluobasc  orhyditifl 
or  more  briefly,  fluoborate  of  hydrogen;  andinlikeniaoner,  fluohyoroiuc 
acid  would  be  called  fluosilicnte  of  llio  fluobase  of  hydrogen,  or  bixdy, 
fluosilicate  of  hydrogen. 

When  cither  fluohydroboric  acid,  or  fluohydrosilicic  acid,  or  in  otbn 
words  the  fluoborate  or  fluosiljcate  of  the  fluotmse  of  hydrogen,  is  brought 
into  contact  with  an  oxibase,  the  radical  of  the  latter  takes  the  place  of  (be 
hydrogen,  which,  with  its  oxygen,  forms  water.  Thus,  in  the  case  of 
potash,  there  would  result  a  fluobase  of  potassium,  usurping  the  place  of 
the  fluobase  of  hydrogen;  and  of  course  either  a  fluosilicate,  or  fluobomR 
of  potassium  must  be  formed.  Agreeably  to  the  Berzelian  nomenclaiui^ 
these  compounds  are  double  sails,  the  name  of  one  being  in  the  Freaei 
translation,  '\fiuorure  borico-potassiqve,"  thai  of  the  other,  *^Jlucrart 
tilico-potaiigiqtie."  Many  analogous  salts,  formed  by  the  adds  tuxkr 
consideration  with  salifiable  substances,  are  mentioned  by  Berzelius;  al» 
many  others,  in  which  other  radicals,  in  union  with  fluorine,  play  a  part 
analogous  to  that  performed  by  silicon  aad  boron,  in  the  salts  abo^  men- 
tioned. 

There  arc  instances  in  which  compounds,  usually  called  bases,  act  m 
acids.  Of  course  it  is  consistent  that  compounds,  usually  called  adcb, 
should  in  some  instances  act  as  bases.  In  this  respect,  a  striking  analog; 
nuay  be  observed  between  the  union  of  the  oxide  of  hydrogen  (wbUm) 
with  the  oxacids  and  oxybascs;  and  that  of  fluoride  of  hydrogen  wilfc 
fluacids  and  fluobascs.  According  to  Berzelius,  water  acts  as  a  btse  to 
oxacids;  as  an  add  to  osibascs.  So  I  conceive  the  fluoride  of  hyditi^ 
acts  09  a  base  in  the  cases  above  noticed,  while  it  acts  as  an  acid  in  th 
compound  of  hydrogen,  fluorine,  and  potassium,  called  bv  BervJiot 
"fuorure  potastiqiie  aeide,"  This  compound  1  would  call  a  fluohydnR 
of  the  fluobase  of  potassium,  or  more  briefly,  fluohydrate  of  potaaaiun) ;  « 
we  say  sulphate  of  copper,  instead  of  the  sulphate  of  the  oxide  (or  osybiw) 
of  copper. 
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SECTION   VIL 

OF  ZIRCONION. 

There  is  a  stone,  known  under  the  name  of  the  jargon  or  zircon  of  Cey- 
lon, from  which  Klaproth  extricated  an  earth,  to  which  the  name  of  ztrco- 
nia  was  given.  This  earth  is  an  oxide  of  an  elementary  body,  which  has 
been  called  zireonion,  or  zirconium.  The  termination  in  urn  is  now  only 
applied  by  chemists  to  the  names  of  substances  having  the  metallic  cha- 
racter, and  has  been  associated  with  the  name  of  the  element  in  question, 
under  the  erroneous  impression,  as  I  consider  it,  that  the  radical  of  zirco- 
nia  is  metallic  It  appears  to  me  to  be  deficient  in  two  very  essential  cha- 
racteristics of  a  metal ;  I  mean  metallic  brilliancy,  and  the  power  of  con- 
ducting electricity.  Carbon,  in  the  form  of  plumbago,  has,  in  these  re- 
spects, higher  claim  to  the  metallic  character. 

Ziroonion  appears  to  be  sparingly  distributed  throughout  the  globe,  and 
to  have  little  practical  utility.  However,  the  following  facts,  by  which  its 
analc^  with  silicon  and  boron  is  demonstrated,  appear  to  me  highly  inte- 
resting. When  the  hydrate  of  zirconia  is  subjected  to  fluohydric  acid,  the 
hydrogen  combibes  with  the  oxygen,  and  the  fluorine  with  the  zireonion. 
llie  resulting  fluoride  I  consider  as  fluozirconic  acid ;  but  it  is  one  of  the 
haloid  salts  of  Bcrzelius,  and  is,  by  that  chemist,  designated  as  a  '^^tio- 
nire.*'  This  ^^  fiuorurt^'*  combines  with  other  *•*•  fiuorures^^'*  and  thus  forms, 
according  to  Bcrzelius,  double  salts,  analogous  to  those  formed  by  the  same 
fluobases  with  fluoboric  or  fluosilicic  acid.  I  consider  the  salts  in  ques- 
tion as  fluozirconatcs ;  or  in  other  words,  as  consisting  of  fluozirconic  acid, 
and  a  fluobase. 

The  analogy  thus  displayed  to  boron  and  silicon,  is  an  additional  rea- 
son with  me  for  not  treating  zireonion  as  a  metal,  and  for  not  associating 
with  its  name  that  termination,  which  is  employed  generally  to  designate 
the  metallic  class. 

Preparation. — It  was  from  the  fluozirconatc  of  the  fluobase  of  potassium, 
or  what  we  may  briefly  call  the  fluozirconatc  of  potassium,  that  zireonion 
was  obtained  by  Berzolius,  by  heating  this  salt  with  potassium;  in  which 
case  the  superior  affinity  of  this  metal  for  fluorine,  caused  the  zireonion  to 
be  liberated. 

By  an  analogous  process,  silicon  was  obtained  by  this  distinguished 
chemist  from  the  fluosilicate  of  potassium. 

The  most  striking  ditrerencc  between  the  properties  of  zireonion,  and 
those  of  boron  and  silicon,  is  that  these  form  acids  with  oxygen,  while  the 
oxide  of  zireonion  nets  usually  as  a  base. 

Properties. — As  obtained  by  the  process  above  mentioned,  zireonion  re- 
sembles charcoal  powder,  but  is  rendered  impure  by  the  presence  of  the 
hydrate  of  zirconia.  This  may  be  removed  by  the  action  of  chlorohydric 
acid.  Zireonion,  when  in  a  state  of  purity,  is  a  black  powder,  which,  by 
rubbing  and  pressure,  may  be  made  to  unite  in  scales  possessing  a  bril- 
liancy approaching  to  that  of  plumbago.  When  heated  in  vacuo,  and  af- 
terwards suffered  to  cool,  it  takes  fire  on  the  admission  of  air.  Zireonion 
inflames  in  the  air  at  a  temperature  considerably  below  that  of  redness,  and 
is  converted  into  zirconia.     Its  atomic  weight  is  31. 
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COMPOUND  OF  ZIRCONION  WITH  OXYGEN. 

Of  Zirconia. 

Zirconia,  when  pure,  is  an  infusible  white  powder,  and  is  60  hard  as  to 
scratch  glass.  When  subjected  to  a  violent  heat  it  acquires  a  gray  coloor, 
and  becomes  harder,  denser,  and  insoluble  in  acids.  In  this  state.its  spe* 
cific  gravity  is  4.3.  It  is  composed  of  two  atoms  of  zirconiony  equivalent 
68,  and  three  atoms  of  oxygen,  equivalent  24  =  92. 


OF  METALLIC  RADICALS.* 

It  is  to  metallic  radicals  that  I  deem  it  expedient  in  the 
next  place  to  direct  attention.  Less  than  thirty  years 
ago,  the  line  of  demarcation  between  metals  and  other 
bodies  was  easily  drawn.  There  was  then  no  known 
metal  which  had  a  specific  gravity  less  than  six;  and  of 
other  bodies,  none,  of  which  the  specific  gravity  was  as 
high  as  five.  But  the  discovery  of  alkalifiable  metallic 
radicals,  having  a  specific  gravity  less  than  that  of  water, 
annihilated  the  barrier  which  had  been  established  on  the 
basis  of  superior  gravity. 

Peculiar  brilliancy  and  opacity  were  in  the  next  place 
appealed  to  as  a  mean  of  discrimination;  and  likewise 
that  superiority  in  the  power  of  conducting  heat  and  elec- 
tricity, which  was  so  remarkable  in  substances  of  a  de- 
cidedly metalhc  character.  Yet  so  difficult  has  it  been  to 
draw  the  line  between  metallic  and  non-metallic  radicals, 
that  bodies  which  are  by  some  authors  placed  in  one 
class,  are  by  others  included  in  the  other.  Thus  sele- 
nium, silicon,  and  zirconion  have  by  some  chemists  been 
comprised  among  the  metals,  by  others  among  non-metal- 
lic bodies.  In  fact  nature  has  not  qualified  her  bodies  for 
distinct  classification.  It  is  true  that  there  are  those  of 
which  the  prominent  features  or  qualities  are  so  strikingly 
different,  that  we  are  at  first  encouraged  to  think  that  by 
associating  similar  substances  with  each,  we  shall  form 
classes  not  liable  to  be  confounded.  Thus  gold  possesses, 
in  a  high  degree,  all  the  attributes  of  a  metal,  while  sul- 
phur is  totally  devoid  of  them ;  yet  arsenic,  as  being  de- 

*  Dr.  Hare  includes  all  the  metals  under  the  head  of  metallic  radicals,  eicept 
tellurium,  which  he  classes  as  a  basacigen  substance.  B. 
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Fourth,  metals  proper. 

I  shall  employ  the  word  noble  to  distin^ish  metals  ] 
liable  to  be  tarnished  by  exposure  to  fire,  water,  or  i 
as,  for  instance,  gold,  platinum,  silver,  palladium,  rhodii 
and  nickel. 

Metals  proper  arc  by  Berzelius  divided  into  elect 
negative  or  acidifiable  metals,  and  electro-positive  or  bl 
fiable  metals.  Under  the  former  head  be  places  seleniia 
arsenic,  molybdenum,  tungsten,  antimony,  tellurium,  ( 
lumbinm  or  tantalum,  nnd  titanium.  Under  the  head 
electro-positive  or  basiliable  metals,  he  places  goJd,  pla 
num,  osmium,  iridium,  palladium,  silver,  mercury,  coppa 
bismuth,  tin,  lead,  cadmium,  zinc,  nickel,  cobalt,  iron,  i 
ganese,  and  uranium. 

I  am  under  the  impression  that  each  of  the  foUc 
metals,  bcinc;,  agreeably  to  the  same  authority,  capal 
of  forming  with  a  halogen*  body  the  electro-negative  ' 
gredient  in  a  double  salt,  should  be  considered  as  ac 
fiable;  namely,  gold,  platinum,  silver,  palladium,  iridii 
rhodium,  uranium,  chromium,  titanium,  molybdeonfl 
manganese,  osmium,  mercury,  nickel,  copper,  iron,  all 
zinc. 

When  the  objects  which  it  may  be  desirable  to  stiK^ 
are  too  numerous  and  complicated  in  proportion  to 
time  and  attention  which  we  have  to  bestow;  we  I 
employ  such  time  as  we  have,  either  in  a  cursory,  supe^ 
ficial,  and  indiscriminate  examination  of  the  whole,  orii 
a  more  thorough  study  of  the  more  important  parts.  CM 
the  two  courses  I  cannot  conceive  that  any  judicious  pef» 
son  would  hesitate  in  choosing  the  latter. 

Under  this  impression  I  shall  treat  particularly  of  tbe 
twelve  metals  proper,  included  in  the  following  list — gol4 
platinum,  silver,  mercury,  copjjer,  lead,  tin,  iron,  ziuc,  an- 
timony, bismuth,  and  arsenic,  fiesides  the  metals  that 
mentioned,  there  are  in  the  same  class,  palladium,  rhodion^ 
iridium,  osmium,  nickel,  cadmium,  chromium,  cobalt,  co* 
lumbinm,  manganese,  molybdenum,  titanium,  tungsten, 
uranium,  and  vanadiiun.  Of  these  I  shall  give  only  « 
brief  account,  with  descriptions  and  illustrations  of  their 
striking  and  useful  properties  where  such  exist.     Of  tej- 


'plied  to  those  bodies  bj  Beriplius,  in  huDout  of  iU  LuLhot;  aithoDsh  I 


B  ditlinguiahing  chlorine,  bromine,  fluorine,  jodme,  ■ 
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1 1  have  already  treated  as  a  basacigen  body,  page 

3  following  table,  taken  from  Turner's  Chemistry, 
lition,  shows  the  number  of  metals  recognised  at  th(B 
and  the  periods  at  which  they  severally  became 
1,  so  far  as  those  periods  can  be  ascertained. 

Table  of  the  Discovery  of  the  Metals. 
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Described  by  Basil  Valentine  i 
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Brandt 

Wood,  assay -master,  Jamaica  « 
Cronstedt^       .... 
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1733 

1741 
1751 
1774 
1781 
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1797 
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1803 
1803 
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1807 


1818 

1818 

1828 

1829 
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Of  the  Generic  Characteristics  of  the  Metals. 

tien  newly  cut,  metals  have  a  peculiar  lustre.  They 
le  best  conductors  of  heat  and  electricity;  the  worst 
tors  and  best  reflectors  of  heat.    All  combine,  di- 
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rcctly  or  indirectly,  with  oxygen,  chlorine,  and  sulphur  in 
one  or  more  proportions,  toriiiing  oxides,  chlorides,  aod 
snlphidee.  Probably  aiso  they  all  may  be  combined  wrik 
bromine,  iodine,  and  cyanogen.  They  are  all  susceptiUl' 
of  soUdity  and  fluidity,  and  probably  of  the  atiriform  slatfc 
Mercury  and  arsenic  are  easily  volatihzed;  and  gold,  ^ 
ver,  and  platinum,  though  very  difhciilt  to  burn  or  volati- 
lize, are  nevertheless  dissipated  by  means  of  the  coiih 
pound  blowpipe,  galvanism,  or  electricity. 

Of  Properties  possessed  btj  some  MctaUy  but  not  by  others. 

The  properties  which  come  under  this  head,  are  pc!^ 
maoency  ot"  lustre  in  the  fire  and  air;  malleability;  duo 
tility;  elasticity;  sensibility  to  the  magnet;  susceplibiliW 
of  the  welding  process,  and  of  acquiring,  by  a  union  wia 
carbon,  silicon,  or  aluminium,  the  capability  of  hardening 
by  being  suddenly  refrigerated  from  a  red  beat;  also  « 
being  hardened  by  the  hammer,  and  of  being  restored  by 
heat  in  the  annealing  process. 

The  metals  remarkable  for  permanency  of  lustre,  are 
gold,  platinum,  silver,  and  palladium,  called  on  that  accouDt 
noble,  or  perfect.  Those  principally  remarkable  for  mal- 
leabihty,  are  gold,  silver,  platinum,  copper,  palladium, 
iron,  tin,  lead,  and  nickel.  Among  these,  iron  and  pla- 
tinum only  can  be  advantageously  hammered  at  a  very 
high  temperature. 

The  metals  distinguished  for  elasticity,  are  iron,  copper, 
and  silver.  Iron,  in  the  state  of  steel  when  duly  tempered, 
is  pre-eminent  for  this  property. 

The  metals  remarkable  for  ductility,  are  gold,  iron,  either 

fure,  or  as  steel,  silver,  copper,  platinum,  tin,  and  lead, 
n  large  rods  or  pipes,  lead  and  tm  are  the  most  ductile. 
The  magnetic  metals  are  iron,  whether  pure,  in  tiie 
state  of  steel,  or  in  that  of  protoxide,  nickel,  and  coball. 
Those  susceptible  of  the  welding  process,  are  iron  and 

filatinum.  Iron  only  is  capable  of  uniting  with  carbon,  ei- 
icon,  or  aluminium,  and  hardening  consequently  by  quiet 
refrigeration.  Gold  and  platinum  are  distinguished  by 
their  superior  gravity,  which  is  between  two  and  a  half, 
and  three  times  as  great  as  that  of  iron,  tin,  or  zinc. 

All  the  metals  have  a  specific  gravity  greater  than  five, 
if  we  except  those  of  the  earths  and  alkalies. 
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Of  the  Annealing  Process  in  the  Case  of  Metals. 
Malleability,  ductility,  and  toughness,  in  metals  suscep- 
tible of  the  aonealing  process,  are  probably  depeudent  on 
tbe  quantity  of  caloric  remaining  in  combination  with 
their  particles,  while  in  the  solid  state.  When  malleable 
metals  are  hammered,  they  give  out  heat,  and  become 
harder,  more  rigid,  elastic,  and  dense,  until  they  acquire  a 
certain  maximum  of  denwily.  This  being  attained,  they 
are  fractured  if  the  hammering  be  carried  I'urther.  Ex- 
posed to  the  fire  until  softened,  they  are  found  on  cooling 
to  have  regained  the  properties  of  which  percussion  had 
deprived  them;  and  they  may  be  again  heated,  hardened, 
and  condensed  by  the  hammer. 

-   Of  Alloys.. 

This  name  is  given  to  the  compounds  formed  by  the 
union  of  different  metals.  There  is  always  copper  in  gold 
and  silver  coin ;  and  in  the  metal  employed  under  those 
names  by  the  smiths  and  jewellers,  there  are  various  pro- 
portions of  the  baser  metal.  Brass  consists  of  copper 
and  zinc;  pewter,  of  lead  and  tin,  or  of  tin,  copper,  and 
antimony. 

Of  the  Oxidabiitiy  of  Melals  by  Exposure  to  Air  or  Mois- 
ture, with  or  without  Heat. 

Gold,  silver,  platinum  palladium,  and  rhodium  do  not 
become  oxidized  by  exposure  to  water  or  oxygen  at  any 
temperature;  and  when  oxidized  by  other  means,  on  being 
ignited  are  reduced.* 

Iron,  zinc,  and  tin  are  not  oxidized  by  exposure  to  dry 
air,  or  to  water  alone,  unless  aided  by  a  red  heat.  Of 
these  metals,  iron  is  must  dcted  upon  by  the  Joint  influ- 
ence of  air  and  moisture,  at  the  ordinary  temperatures  of 
the  atmosphere.  Copper,  tin,  and  lead  do  not  decompose 
water  at  any  temperature,  but  are  oxidized  at  a  red  heat, 
or  at  temperatures  sutlicient  for  their  fusion.    Mercury  is 

*  The  verb  to  rdaut,  has  Islig  been  empln/ed  by  cbEmiaU  to  ■igoiA'  tbe  deoii- 
diunenl  of  n  matolliu  oxide,  m  it  to  etfect  it>  reitorltion  lu  the  iiiEliirLe  atatu,  or 
:h  I  shall  al>i>  employ,  to  ■Told  clrcURI- 


L 


316  INORGANIC    BUB8TANCBB. 

not  oxidized  by  water  under  any  circuoiBtancGS.  It  ia 
oxidized  by  agitation,  or  by  a  heat  just  below  its  boiling 
point;  but  when  distilled,  it  abandons  the  oxygen  whicb 
may  have  united  with  it  previously. 


OF  METALS  OF  THE  EARTHS  PROPER. 
The  metals  included  under  this  head  are  aluminium, 
glucinium,  yllrium,  aj\d  ihoriuvi- 

SECTION  I. 
OF   ALUMINIUM. 

A  chloride  of  aluminium  was  obtained  by  Oersted,  by 
subjecting  to  a  current  of  chlorine,  an  intimate  mLxture  of 
alumina  and  carbon,  heated  in  a  porcelain  tube.  The  af- 
finity of  tlie  carlion  for  the  oxygen  of  the  earth,  and  of, 
the  chlorine  for  the  metallic  radical,  was  productive  of 
carbonic  oxide  which  escaped,  and  a  chloride  of  alumi- 
nium which  remained. 

By  heating,  with  potassium,  the  cldoride  obtained  by 
the  process  above  nolentioncd,  Wohler  liberated  alumi- 
nium through  the  superior  affinity  of  potassium  for  chlo- 
rine. In  this  state,  aluminium  constitutes  a  gray  powder 
much  resembling  that  of  platinum.  Some  little  facets, 
which  have  sufficient  magnitude  to  be  distinguished,  after 
compression  under  the  burnisher,  display  a  metallic  bril- 
Uancy.  Yet  in  the  pulverulent  form,  the  metal  hae  so 
little  power  to  conduct  electricity,  that,  when  interpowd 
in  the  galvanic  circuit,  it  interrupts  the  action.  It  is  al- 
leged, however,  that,  in  a  minute  state  of  division,  ironil 
a  non-conductor  of  electricity,  and  Turner  sjates  that,  hj 
fusion,  aluminium  becomes  a  conductor.  It  appears  to 
me  that  at  best  its  claims  to  the  metallic  character  an 
not  superior  to  those  of  carbon  in  the  form  of  plumbago. 
Its  atomic  weight  is  14. 

Aluminium  burns  with  a  heat  so  intense,  as  to  causo 
the  fusion  of  the  resulting  oxide,  which  becomes,  on  cool* 
ing,  hard  enough  to  cut  glass.  Alupiinium  is  not  oxidized 
when  water  is  evaporated  from  it  at  a  gentle  heat.  At  a 
boihng  heat  it  evolves  hydrogen  feebly,  and  the  evoIutioD, 
having  once  commenced,  continues  for  some  time  after 
refrigeration.    With  concentrated  nitric  or  sulphuric  acid, 


ALUMINIUM.  317 

niniumhas  no  reaction  at  ordinary  temperatures;  but, 
assisted  by  heat,  it  forms  a  sulphate  or  nitrate,  acquiring 
oxygen  from  one  portion  of  tlic  acid,  and  uniting  with  the 
remainder.'  When  sulijected  to  a  solution  of  potash, 
soda,  or  ammonia,  aluminium,  by  the  decomposition  of 
ihe  water,  ia  converted  into  alumina,  which  unites  with 
the  alkali,  forming  an  aluminate.  On  this  account,  in 
areparing  aluminium,  there  should  not  be  an  excess  of 
jotassium;  and  any  potash  produced  during  the  process, 
should  be  quickly  removed  by  the  employment  of  a  quan- 
jty  of  water  no  larger  than  necessary. 

Of  Alumina. 

This  earth  is  found  nearly  pure  in  the  gems  called  by 
ewellers  oriental,  and  classed  by  Brongniart  under  the 
lead  of  Corindon  Telesie.  The  ruby,  sapphire,  ame- 
ihyst,  and  topaz,  of  the  most  beautiful  kinds,  are  thus 
lesignatcd.  Of  all  stony  minerals,  they  have  the  highest 
specific  gravity,  and  are  only  inferior  to  the  diamond  in 
tiardness.  Differing  from  each  other  only  in  colour,  they 
(field  by  analysis  little  else  than  pure  alumina.  There 
are  other  jewels  of  the  same  name  and  colour,  which 
ought  not  to  be  confounded  with  those  here  alluded  to. 
As  an  ingredient  in  clay,  which  owes  its  plasticity  and 
all  its  striking  quaHtics  to  alumina,  this  earth  enters 
largely  into  the  structure  of  the  terrestrial  globe. 

There  are  two  native  'forms  of  hydrate  of  alumina; 
one  found  in  the  United  States,  in  the  form  of  a  stalac- 
tite, white  and  semitransparent,  called  Gibbsite;  the  other 
in  Siberia,  called  diaspore,  from  the  property  of  flying  into 
pieces,  or  even  powder,  when  heated,  in  consequence,  no 
doubt,  of  the  vaporization  of  the  combined  water. 

PrcjKiration. — Berzclius  alleges  that  the  alum  of  com- 
merce, if  it  contain  oxide  of  iron,  should  be  dissolved  and 
recrystallized  several  times;  or  a  solution  being  made 
and  allowed  to  stand  for  some  time,  the  oxide  of  iron  is 
precipitated  in  yellow  flocks.  To  the  solution  of  alum  at 
a  boiling  heat,  a  solution  of  carbonate  of  potash  is  to  be 
added  in  excess,  and  the  whole  is  to  be  digested  at  a  mo- 
derate temperature,  to  decompose  any  supersutphate  of 
alumina  which  the  alkali  may  have  precipitated.  The 
precipitate,  after  having  been  collected  and  well  washed 
upon  a  filter,  is  to  be  redissolved  in  chlorohydric  acid. 
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and  precipitated  by  an  excess  of  ammonia,  either  caustic 
or  carbonated.  This  second  precipitation  is  necesaarr. 
to  get  rid  of  a  portion  of  carbonate  of  potash,  with  which 
the  alumina  forma  a  triple  combination  which  cannot  be 
decomposed  by  water.  The  precipitate  produced  as  last 
mentioned,  is  to  be  coUected  and  carefully  washed.  When 
dried  it  forms  a  hydrate,  which,  by  a  red  heat,  is  coo- 
verted  into  pure  alumina.  One  hundred  parts  of  fllua 
yield  a  Uttle  more  than  ten  of  the  earth.  "^ 

In  France  a  species  of  alum  is  used,  in  which  ammoni*' 
takes  the  place  occupied  by  potash  in  the  common  aium. 
By  heat,  which  expels  the  acid  and  alkali,  pure  alumina 
may  be  extricated  from  this  compound. 

Properties- — Alumina  is  white,  plastic  when  moistened, 
8oft  to  the  touch,  adherent  to  the  tongue,  inodorous,  in- 
sipid, and  infusible  in  the  furuace.  It  is  the  only  earth 
which  was  fused  before  the  compound  blowpipe  was  in- 
vented. Its  property  of  contracting  and  hardening  by 
heat,  was  noticed  when  on  the  subject  of  Wedgwood's 
pyrometer. 

It  is  remarkable  that,  although  quite  insoluble  in  water, 
this  earth  abstracts  and  retains  a  quantity  of  water 
amounting  to  15  per  cent,  of  its  weight.  It  is  on  this 
account  that,  as  an  ingredient  in  clay,  its  influence  on 
vegetation  is  so  beneficial.  During  rains  it  becomes  sa- 
turated with  moisture,  which  it  slowly  relinquishes  in  dij 
weather. 

There  is  a  remarkable  difference  in  the  appenrance  of  ihe  hydrate  of 
alumina  as  obtained  by  precipitation  from  a  concentrate,  or  a  weak  mId- 
lion  of  alum.  In  the  former  case  it  is  a  white,  friable,  spongy  powiler, 
which  Is  adherent  lo  the  tongiie,  and,  by  exposure  to  a  red  heat,  parts  wiib 
all  ila  water.  In  the  latter  it  lumn  a  transparent  yellow  ma^s,  whicK 
breaks  by  the  heat  of  the  hand  with  a  amooth  and  conchoidal  fractim^ 
does  not  adhere  to  the  tongue,  or  swell  by  the  addition  of  water.  In  llus 
stale,  the  hydrate  of  alumina  does  not  part  with  all  its  water,  evrai  at  > 
temperature  above  ihat  of  redness. 

Alumina  has  a  great  affinity  for  vegetable  colouring  maUers,  which  ii 
consequently  precipitates  frow  their  solutiooij,  forming  the  pigments  knovD 
under  the  name  of  lakes. 

Alumina  is  soluble  in  solutions  of  caustic  potash  and  sod<i,  and  even  a 
those  of  baryta  and  stronlia,  but  dissolves  In  liquid  ammonia,  only  to  ( 
very  small  extent.  Alumina  has  an  alHniiy  so  slroDg  for  oxybaaea,  aa  to 
be  considered  as  acting  the  part  of  an  acid  in  some  instances.  With  ibc 
acid  and  base  of  alkaline  carbonates  it  forms  triple  compounds,  which  wil 
bear  a  low  red  heat  without  expelling  the  acid,  or  producing  a  more  inti- 
union  between  the  earth  andAlla£. 
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The  spinelle  ruby,  a  precious  stone,  and  Gahnite,  are  aluminates, — the 
former  of  magnesia,  the  latter  of  zinc;  in  which,  however,  there  are  six 
times  a9  many  atoms  of  alumina,  as  of  the  other  constituent.  The  affinity 
of  alumina  ibr  magnesia  is  so  strong  that  when  separated  simultaneously 
froi%a  oiftnnion  solvent,  the  former  cannot  be  taken  up  entirely  by  the 
ilkaii,  b^  which  the  separation  is  cfiected.  If  magnesifcrous  alumina, 
after  having  experienced  a  red  heat,  be  subjected  to  chlorohydric  acid,  a 
white  powder  remains,  which  is  an  aluminate  of  magnesia. 

T)iree  qualities  serve  to  detect  alumina ;  first,  its  affinity  for  potash,  and 
consequent  solubility  in  a  solution  of  that  alkali ;  secondly,  the  property 
which  it  has  of  forming  with  sulphuric  acid  and  potash,  alum,  so  readily 
raoognised  by  its  crystallization  and  taste;  thirdly,  the  property  of  pro- 
ducing a  fine  blue  colour,  when  moistened  with  nitrate  of  cobalt,  and  ex- 
posed to  a  strong  heat. 

This  earth  and  its  salts  arc  of  great  use  in  dyeing,  as  mordants  to  cause 
the  dyes  to  adhere.  The  latter  in  many  cases  have  no  affinity  for  the  or- 
ganic fibres  which  are  to  be  dyed ;  but  the  alumina,  comffining  with  both 
the  dye  and  the  fibre,  associates  them  permanently. 

In  the  habitudes  of  this  substance,  we  have  an  exemplification  of  the 
Gonmiutable  character  of  electro-chemical  characteristics.  While  with  the 
alkalies  and  alkaline  earths  it  performs  the  part  of  an  acid,  with  various 
acids  it  acts  as  a  base,  forming  with  them  compounds,  both  natural  and 
artificial.  Among  the  former  is  the  mineral  generally  designated  as  feld- 
spar, which  is  composed  of  silicate  of  alumina,  and  silicate  of  potash.  Por- 
celain is  an  artificial  silicate  of  alumina.  Its  existence  as  a  base  in  alum 
has  been  mentioned. 

Alumina  was  named  from  alumen,  the  Latin  appellation  for  alum.  The 
specific  gravity  of  alumina  is  2.  It  is  composed  of  two  atoms  of  alumi- 
nium, equivalent  28,  and  three  atoms  of  oxygen,  equivalent  24  =  52.  It 
is,  therefore,  a  sesquioxide. 

243.  Experimental  Illustrations. 

Alumina,  precipitated  from  a  solution  of  alum  by  an  al- 
kali. Rendered  blue  by  a  solution  of  nitrate  of  cobalt. 
Contraction  sustained  by  exposure  to  heat,  illustrated. 

Of  Chloride  of  Aluminium. 

The  chloride  of  aluminium  is  obtained  as  I  have  stated  above.  It  is 
partially  translucid,  lamellated  in  structure,  of  a  greenish-yellow-colour, 
and  an  astringent  taste.  Litmus  is  reddened  by  the  action  of  this  chlo- 
ride. It  dissolves  in  water  with  a  hissing  noise.  When  the  solution  is 
highly  concentrated,  it  deposiies  crystals,  which,  being  convertible  by  heat 
into  alumina  and  chlorohydric  acid,  probably  consist  of  one  atom  of  chlo- 
ride of  aluminium,  and  one  atom  of  water.  According  to  Thenard,  the 
chloride  of  aluminium  forms,  with  the  chlorides  of  potassium  and  sodium, 
compounds  indecomposable  by  a  red  heat.  These  may  be  considered  as 
formed  by  the  union  of  a  chloracid  with  a  chlorobase. 

With  sulphur,  selenium,  and  phosphorus,  aluminium  forms  some  unim- 
portant compounds. 
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SECTION  11. 

OF  GLUCINIUM. 

Glucinium  may  be  obtaiDed  from  its  oxide,  glucina,  by  the  same  pro* 
cess  as  that  above  described  for  obtaJDing  alumiDium.  It  resembles  alu* 
minium  in  appearance,  and  in  many  of  its  properties,  but  differs  from  it  in 
not  being  susceptible  of  oxidizement  by  a  solution  of  ammonia,  or  by  boil- 
ing water. 

Of  Glucina. 

Glucina  is  white  and  tasteless.  It  is  insoluble  in  water,  but  forms  with 
it  a  paste,  which  is  somewhat  adhesive,  but  not  sufRciently  so  to  be  nnoulded. 
It  does  not  harden  by  exposure  to  heat. 

It  is  soluble  in  the  caustic  fixed  alkalies,  but  not  in  ammonia.  It  like- 
wise dissolves  ip  the  alkaline  carbonates,  and  in  that  of  ammonia  espe- 
cially, by  which  it  is  distinguished  from  alumina,  as  well  as  by  its  inca- 
pacity to  produce  alum,  or  to  assume  a  blue  colour  when  treated  with  ni- 
trate  of  cobalt.  It  forms  also  a  fluacid,  which,  with  the  fluoride  of  potas- 
sium, precipitates  from  a  hot  solution  in  crystalline  plates,  in  the  state  of 
fiuogludnate  of  potassium  (fluoride  glucinico-potassique  of  Berzelius). 

The  equivalent  of  glucina  is  26,  being  composed  of  one  atom  of  gluci- 
nium, equivalent  18,  and  one  atom  of  oxygen,  equivalent  8. 

Glucina  exists  in  the  emerald,  comprehending  the  beryl  and  aquamarine, 
cmd  in  the  euclase.  In  consequence  of  the  peculiar  sweetness  of  its  salts, 
it  was  named  glucina,  from  yAvxvt,  sweet. 
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OF  YTTRIUM. 

Yttrium  was  procured  by  a  process  quite  analogous  to  that  described  for 
aluminium.  It  has  a  more  metallic  and  crystalline  aspect  than  that  metal 
or  glucinium.  Its  habitudes  with  oxygen  and  the  acids  are  perfectly  ana- 
logous to  those  of  the  metals  above  mentioned.  It  is  liable  to  be  slowly 
oxidized  in  a  solution  of  potash  by  the  decomposition  of  water.  Like 
glucinium,  it  is  not  oxidized  by  water  even  when  boiling. 

Of  Yttria. 

Yttria  is  insipid,  infusible,  and  insoluble  in  water.  It  is  uncertain  whe- 
ther the  yellow  tinge  which  it  usually  presents,  is  appropriate,  or  pro- 
duced by  impurities.  It  is  rendered  snow-white  by  the  presence  of  a  small 
quantity  of  sulphuric  acid.  It  is  heavier  than  baryta,  being  of  a  specitk 
grayi^y  approaching  to  4.842.  It  is  distinguished  from  other  earths  by  its 
insoiubility  in  caustic  alkalies;  while  it  dissolves  in  their  carbonates,  espe- 
cially that  of  ammonia,  although  in  a  lesser  quantity  than  glucina. 

Yttria  is  principally  characterized  by  its  susceptibility  of  precipitation 
hv  '*''*> nofer rite  of  potassium  (ferroprussiate  of  potash).  Excepting  tho- 
I  property  is  possessed  by  no  other  earth. 
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With  adds  it  fonns  salts  having  a  sweet  taste,  and  in  some  instances 
the  coloor  of  the  amethyst.  In  fact,  the  best  means  of  detecting  it,  is  the 
pitxluction  with  sulphuric  acid  of  crystals  having  this  hue,  which  arc  ex- 
tremely slow  to  dissolve  in  water,  and  which  effloresce  when  heated.  Its 
affinities  are  more  feeble  than  those  of  the  alkalies  or  alkaline  earths. 

This  earth  has  been  found  only  in  three  Swedish  minerals, — Gadolinite, 
yttro-tantalite,  and  yttro-cerite. 

Yttrium  is  composed  of  one  atom  of  yttrium,  equivalent  32,  and  one 
atom  of  oxygen,  equivalent  8  s=  40. 


SECTION    IV. 
OF  THORIUM. 

Hiorium  was  first  found  tiot  many  years  since,  in  a  single  locality,  in 
the  state  of  oxide  or  earth,  combined  with  silicic  acid.  It  is  in  the  island 
of  Loecun  that  it  was  met  with,  near  the  little  village  of  Berwig,  in  Nor- 
way. It  was  found  in  a  mineral  resembling  obsidian,  and  called  thorite, 
which  contained  57  per  cent,  of  thorina,  or  oxide  of  thorium,  and  in  addi- 
tion, lime,  magnesia,  iron,  manganese,  osmium,  lead,  tin,  and  a  little  al- 
kali combined  with  silicic  acid,  and  water.  In  making  the  analysis  <^ 
this  mineral,  Berzelius  discovered  thorina. 

From  chloride  of  thorium,  as  from  the  other  chlorides  of  the  same  me- 
tallic genus,  the  radical  may  bo  evolved  by  means  of  potassiuni  and  heat. 
It  may  likewise  be  extricated  from  the  double  fluoride  of  thorium  and  po- 
tassium, or  fluothoratc  of  potassium.  Thorium,  in  its  appearance  and  in 
many  of  its  properties,  much  resembles  aluminium;  but  differs  from  it  in 
not  being  oxidized  by  reaction  with  boiling  water,  dilute  sulphuric  acid,  or 
alkaline  solutions.  When  heated  gently  in  the  air,  thorium  inflames,  and 
is  converted  into  thorina. 

I  do  not  conceive  that  either  thorium,  or  any  other  of  those  substances 
enumerated  as  convertible  by  oxidizement  into  the  earths  proper,  are  more 
entitled  to  be  considered  as  metals,  than  carbon  in  the  state  of  plumbago.. 

Of  Thorina. 

Thorina  is  white,  tasteless,  and  inodorous.  In  common  with  alumina^ 
glucina,  and  yttria,  it  is  capable  of  acting  as  a  base  with  water.  The  re- 
sulting hydrate  of  thorina  is  by  heat  convertible  into  the  anhydrous  oxide, 
in  a  state  of  great  hardness. 

Thorina  may  be  known  from  its  sulphate  being  more  soluble  in  cold 
than  in  hot  water.  •  It  is  composed  of  one  atom  of  thorium,  equivalent  60, 
and  one  atom  of  oxygen,  equivalent  8  =:  68. 


OF  METALS  OF  THE  ALKALINE  EARTHS. 

Under  this  head  are  included  magnesium^  calcium^  ba^ 
rium^  and  strontium. 
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OF    MAGNESIUM. 


Magnesium  was  first  obtained  by  Bussy  in  1829,  by  sub- 
jecting the  chloride  to  the  action  of  potassium,  in  a  mao- 
ner  precisely  similar  to  that  already  described  for  obtain- 
ing the  metals  of  the  earths.  It  resembles  silver  in  co. 
lour  and  fusibihty.  It  is  malleable,  and  has  a  decided 
metallic  brilliancy.  It  is  oxidized  by  exposure  to  the  air, 
or  to  boiling  water.  When  sufficiently  heated  in  the  air, 
it  combines  with  oxygen,  and  is  converted  into  magnesia. 
Its  specific  gravity  is  greater  than  that  of  water. 

Of  Magnesia, 

This  earth,  in  a  state  of  combination,  exists  in  consi- 
derable quantities  in  nature.  Dr.  Thomson  states  that  a 
whole  range  of  low  hills,  consisting  of  anhydrous  carbo- 
nate of  magnesia,  exist  in  India. 

In  the  stale  of  sulphate  or  Epsom  salt,  it  is  largely  ob- 
tained from  a  mineral,  found  in  Maryland  and  in  Lancas- 
ter county,  called  magnesite,  which  is  a  silicate  of  mag- 
nesia, iron,  and  lime;  also  from  the  mother  water  of  eea 
salt,  resulting  in  the  process  of  obtaming  that  chloride  from 
the  salt  water  of  the  ocean. 

This  earth  may  be  precipitated  from  a  solution  of  Ep- 
som salt,  by  adding  a  solution  of  potash  or  soda.  It  may 
likewise  be  obtained  from  the  carbonate  by  heat. 

Properties. — Magnesia  is  while,  has  a  feeble  alkaline 
taste,  and  affects  vegetable  colours  like  an  alkali,  though 
feebly  (215).  It  is  nearly  insoluble  in  pure  water,  but 
dissolves  to  a  considerable  extent  in  water  containing  car- 
bonic acid,  forming  a  soluble  supercarbonate. 

Magnesia  is  distinguished  irom  the  other  alkaline 
earths,  not  only  by  being  less  energetic  in  its  affinities 
and  alkaline  properties,  but  by  the  solubility  of  its  suit- 
phate. 

Magnesia  is  one  of  the  most  fixed  and  refractory  sub- 
stances in  nature,  and  was  deemed  infusible  until  fused  bj 
me  in  1801,  with  the  aid  of  the  compound  blowpipe.  The 
spetific  gravity  of  magnesia  is  2.3,  and  its  equivali 
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244.  Experimental  Illustrations. 

The  precipitation  of  magnesia  from  a  solution  of  Ep- 
som salt,  Exhibited;  also  its  effects  upon  vegetable  co- 
lours. 


SECTION  II. 
OF  CALCIUM. 

Calcium  was  obtained  by  Sir  H.  Davy,  by  negatively 
electrifying  lime  in  contact  with  mercury.  The  earth 
was  made  into  a  paste  with  water,  and  formed  into  a 
small  cup,  in  which  a  globule  of  mercury  was  placed.  The 
cup  being  supported  on  a  platinum  dish,  communicating 
with  the  positive  pole  of  a  galvanic  battery,  a  wire  of  the 
same  metal,  proceeding  from  the  other  pole,  was  intro- 
duced into  the  mercury.  After  some  time  an  amalgam 
of  the  metal  of  the  earth  was  obtained.  This  amalgam 
was  then  subjected  to  heat  in  a  glass  tube  filled  with  the 
vapour  of  naphtha,  and  hermetically  sealed.  The  mer- 
cury was  thus  driven  off,  and  the  calcium  obtained  in  a 
separate  state. 

Calcium  is  a  white  metal  which  inflames  readily  in  the 
air,  regenerating  lime.  Its  properties  are  but  imperfectly 
known.     Its  equivalent  number  is  20. 

Of  Lime. 

This  oxide  exists  largely  in  nature  in  combination  with 
carbonic  acid,  forming  all  the  varieties  of  marble  and 
limestone.  Some  kinds  of  white  marble,  especially  that 
of  Carrara,  so  celebrated  on  account  of  its  employment 
in  statuary,  consist  solely  of  this  earth  combined  with 
water  and  carbonic  acid,  uncontaminated  by  any  other 
matter.  The  acid  and  water  being  expelled  by  heat,  the 
lime  remains  in  a  state  of  purity.  Oyster-shells  yield 
very  pure  lime  by  heating  them  to  incandescence. 

When  impure  carbonates  of  lime  are  exposed  to  a  very 
high  temperature,  the  matter  constituting  the  impurities  is 
prone  to  enter  into  intimate  combination  with  the  lime, 
impairing  its  causticity,  and  susceptibility  of  the  slaking 
process.    No  doubt  this  arises  from  a  diminution  of  affi- 
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nity  for  water.  The  lime  of  shells  is  sometimes  partiall]|'i 
converted  into  a  sulphide,  by  sulphur  derived  irora  the 
animal  matter. 

The  calcination  requires  more  heat  in  a  crucible,  espe- 
cially if  covered,  than  in  an  open  fire;  aod  if  the  heat  be 
too  sudden,  the  carbonate  may  bo  fused  without  the  ei- 
puUion  of  all  the  acid,  which  is  afterwards  more  tena- 
.  ciously  retained.  The  extrication  of  the  carbonic  acid  ij 
promoted  by  a  current  of  steam,  or  of  any  other  a6rifonn 
fluid.  But  steam  is  preferable,  as  it  is  more  easily  pro- 
cured, and  cannot  l>e  productive  of  impurity.  The  ra- 
tionale is  that  homogeneous  aeriform  particles  interiere 
with  each  other  more  tlian  heterogeneous,  which,  agree- 
ably to  the  Daltonian  doctrine,  to  a  certain  extent  oppose 
no  resistance  to  reciprocal  intermixture  and  penetration. 

After  the  first  calcination,  Berzelius  recommends  tliat 
the  lime  be  slaked,  and  again  calcined  in  an  open  cru- 
cible. 

Lime  is  alleged  to  produce  heat  even  when  triturated 
with  snow. 

Properties. — The  colour,  taste,  and  smell  of  this  earth 
are  well  exemplified  in  the  best  kinds  of  lime  used  in  build- 
ing (sometimes  called  quicklime),  which  is,  strictly  speak- 
ing, oxide  of  calcium,  isolated  from  the  water  and  carbo- 
nic acid  usually  united  with  it  as  found  in  nature.  Tliia 
has  consequently  the  property  of  reacting  with  water,  aod 
producing  the  phenomena  attendant  on  the  process  of 
slaking,  during  which  lime  combines  with  the  water  with 
which  it  is  moistened,  and  becomes  a  hydrate.  The  ca- 
loric, which  exists  in  the  water  as  the  cause  of  its  fluidity, 
is  evolved. 

Water  takes  up  about  fOTsth  of  its  weight  of  this  earth, 
forming  Hme-water.  On  this  a  pellicle  is  generated,  as  in 
the  case  of  baryta,  soon  after  exposure  to  the  air,  by  the 
union  of  the  lime  with  the  carbonic  acid  which  always 
exists  in  the  atmosphere. 

Lime-water  dissolves  some  metallic  oxides,  those  of 
lead  and  mercury  especially,  and  operates  on  vegetable 
colours  like  an  alkali. 

Though  lime  is  precipitated  by  carbonic  acid  in  the 
state  of  carbonate,  water  impregnated  with  this  acid  dis- 
solTca  the  carbonate.  Oxalic  acid  is  the  best  test  lor 
lime.    The  fusion  of  tliis  earth  was  first  accomplished  by 
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tne  with,  the  compound  blowpipe  in  1802.  The  specific 
gravity  of  lime  is  2.3,  and  its  equivalent,  28. 

The  hardening  of  mortar  is  ascribed  by  Berzelius  to 
the  afiinity  between  the  lime  and  silicic  acid. 

Phosphuret  of  calcium  may  be  made  by  dropping  phos^^ 
phorus  on  caustic  lime,  ignited  in  a  matrass  with  a  long 
neck.  An  excess  of  phosphorus  should  be  employed,  and 
expelled  by  subsequent  distillation.  By  the  affusion  of 
water,  this  phosphuret  gives  out  phosphuretted  hydrogen, 
which  inflames  spontaneously.  This  gas  is  still  more  ac- 
tively evolved  when  the  phosphuret  is  subjected  to  mu- 
riatic acid.  Either  chlorine  or  oxygen  combines  with  the 
calcium,  while  the  hydrogen  of  the  acid  or  of  water  unites 
with  a  portion  of  the  phosphorus,  and  assumes  the  ga- 
seous form. 

245.  Experimental  Illustrations. 

Characteristic  changes  produced  in  vegetable  colours 
by  the  solution  of  the  earth  in  water,  called  lime-water. 
A  glass  of  lime-water  is  not  made  turbid  by  air  from  a 
•bellows,  but  becomes  so  on  propelling  the  breath  through 
it.  Absorption  of  carbonic  acid  by  lime-water,  shown. 
Solution  of  lime  by  an  excess  of  the  acid.  Lime  precipi- 
tated from  solutions  of  its  muriate  or  nitrate,  by  sulphu- 
ric or  oxalic  acid. 

Of  Peroxide  or  Bioxide  of  Calcium. 

Oxygen  is  absorbed  when  passed  over  lime  heated  to 
incandescence.  By  adding  lime-water  to  oxygenated 
water,  acidulated  with  muriatic  acid,  Thenard  procured 
crystals  of  bioxide  of  calcium. 


SECTION    III. 
OF  BARIUM. 


Barium  is  obtained  from  the  earth  baryta,  by  a  process 
precisely  similar  to  that  for  obtaining  calcium  from  lime. 
It  is  a  solid  dark-gray  metal,  with  a  lustre  somewhat  i«- 
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ferior  to  that  of  cast  iron.  It  is  fuaible  and  vaporizable 
at  a  heat  below  redness,  and,  when  in  a  state  of  vapoi 
acts  violently  upon  glass.  Its  specific  gravity  is  such 
to  cause  it  to  sink  m  sulphuric  acid.  It  is  rapidly  oxi>" 
dized  in  the  air,  and  regenerates  baryta  when  thrown  into 
water.     Its  atomic  weight  is  69. 

O/Baryla. 

This  earth  was  named  from  the  Greek  So^ut,  heavy; 
because  the  minerals  containing  it  are  peculiarly  heavy, 
when  compared  with  other  earthy  substances.  . 

Preparation. — To  procure  baryta,  Berzelius  advises  that 
eight  parts  of  the  sulphate,  finely  pulverized,  should  be  in- 
timately mingled  with  one  of  charcoal,  and  afterwards 
triturated  with  two  parts  of  resin,  or  wheat  flour.  The 
mixture  is  to  be  kept  at  a  white  heat,  in  a  Hessian  cruci- 
ble, lor  three-quarters  of  an  hour.  The  resin  is  servicea- 
ble by  coating,  while  iu  fusion,  all  the  surfaces  of  the  aut 
phate,  and,  being  subsequently  carbonized,  leaves  eveiy 
-  part  of  the  compound  in  contact  with  carbon. 

The  sulphate  of  baryta,  deprived  of  oxygen,  becomes 
Bulphuret  of  barium,  which  yields  a  nitrate  of  barj'ta  on' 
the  addition  of  nitric  acid.  The  filtered  solution  by  eva- 
poration yields  crystals  of  the  nitrate,  which  should  be 
decomposed  in  a  porcelain  or  platinum  crucible.  This 
operation  is  tedious;  since  the  heat  cannot  be  urged  be- 
yond a  certain  degree  of  intensity,  without  causing  the 
salt  to  rise  up  in  a  foam,  so  as  to  overflow  the  crucible. 
If  the  heat  be  not  applied  long  enough,  Berzelius  alleges 
that  a  portion  of  nitrous  oxide  remains  united  with  the 
earth,  lorming  a  compound  which  has  been  mistaken  for 
bioxidc  ("suroxide")  of  barium. 

Neither  the  carbonates  nor  hydrates  of  baryta  and 
strontia  are,  like  those  of  lime,  decomposable  per  se  by 
heal.  The  addition  of  carbonaceous  matter  enables  us 
to  decompose  them;  as  it  changes  the  carbonic  acid  into 
carbonic  oxide,  which  has  no  affinity  for  the  earths,  and, 
therefore,  escapes. 

Properties. — Baryta  is  acrid,  slakes  like  lime,  and 
more  soluble  in  water.     It  is  more  actively  alkaline,  bol 
as  respects  its  taste  and  its  action  on  vegetable  coloi 
other  earth.    It  is  gray  at  first,  but  absoi 
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rater  and  becomes  white.  Its  aqueous  solution  is  ren- 
ered  milky  by  carbonic  acid,  and,  by  combining  with  it, 
ecomes  covered  with  a  pellicle  of  carbonate,  when  ex- 
osed  to  the  atmosphere.  From  its  solution  in  boiling 
^ater,  baryta  crystallizes  on  coohng. 

Solutions  of  barium,  whether  in  the  state  of  a  hydrate, 
itrate,  or  chloride,  are  very  useful  as  tests  for  sulphuric 
cid,  which,  combining  with  the  oxide  of  barium  (baryta), 
•reviously  existing  in  the  hydrate  or  nitrate,  or  formed 
rem  the  chloride  by  the  decomposition  of  water,  is  pre- 
ipitated  by  them  from  any  liquid. 

Ignited  intensely,  it  absorbs  oxygen  if  exposed  to  it, 
nd  passes  to  the  state  of  bioxide.  This  earth  is  poison- 
ous.    Its  specific  gravity  is  4,  and  its  equivalent,  77. 

246.  Experimental  Illustrations. 

Baryta,  free  from  water,  exhibited;  also  in  crystals. 
Jarytic  water  rendered  milky  by  the  carbonic  acid  of 
he  breath.  Solutions  of  baryta,  and  of  sulphuric  acid, 
ntroduced  into  distinct  vessels  of  pure  water,  have  no 
effect;  but  portions  mingled  in  the  same  vessel  produce 
i  cloud.  Water,  coloured  by  alkanet,  turmeric,  &c., 
:hanged  by  baryta,  as  by  an  alkali. 


SECTION  IV. 
OF  STRONTIUM. 

Strontium  is  obtained  from  the  earth  strontia,  by  a 
process  precisely  similar  to  that  by  which  calcium  is  pro- 
cured from  lime.  It  is  a  dark-gray  metal,  bearing  a 
strong  resemblance  to  barium.     Its  atomic  weight  is  44. 

Of  Strontia. 

This  earth  is  very  analogous  to  baryta  in  its  proper- 
ties and  composition.     It  is  distinguished  from  baryta^  by 
the  red  colour  which  its  solutions  communicate  to  flav 
by  its  crystallization,  and  by  its  being  morf 
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boiling  water  and  less  so  in  cold.  Excepting  b^uyta,  it 
is  more  actively  alkaline  than  any  other  earth,  U|di  as 
respects  taste  and  its  action  on  vegetable  colours.     " 

Strontia  may  be  obtained  from  the  carbonate  or  sul- 
phate, by  a  process  in  every  respect  similar  to  that  which 
has  been  described  as  the  means  of  procuring  baryta. 

The  equivalent  of  this  earth  is  52. 

247.  Experimental  Illustrations. 

Turmeric,  alkanet,  and  red  cabbage,  changed  by  stron- 
tia-water,  as  by  alkalies.  Red  colour  of  the  flame  of  al- 
cohol containing  strontia,  shown. 

Of  the  Peroxides  or  Bioxides  of  Barium  and  Strontium. 

When  the  protoxides  of  barium  and  strontium  are 
heated  in  contact  with  oxygen  gas,  they  absorb'  it,  and 
are  converted  into  bioxides.  When  an  aqueous  solution 
of  these  earths  is  added  to  oxygenated  water, .  the  Ih- 
oxides  of  their  metallic  radicals  are  precipitated  in  a  crys- 
talline form. 

It  was  by  means  of  the  bioxide  of  barium,  procured  by 
exposing  the  protoxide,  in  a  glass  tube,  to  a  current  of 
dry  oxygen  gas,  that  Thenard  was  enabled  to  obtain  ojry- 
genated  water. 

The  bioxide  of  barium  was  dissolved  in  chlorohydric 
acid.  By  adding  sulphuric  acid,  sulphate  of  baryta  was 
precipitated,  in  which  half  of  the  oxygen  of  the  bioxide 
was  retained,  the  other  half  being  left  in  combination 
with  the  water  of  the  solvent.  This  operation  being  re- 
peated several  times,  the  liquid  became  more  and  more 
surcharged  with  oxygen.  Afterwards,  the  chlorine  of  the 
acid  was  precipitated  by  sulphate  of  silver,  and  the  sul- 
phuric acid,  thus  introduced,  by  baryta.  Finally,  the  oxy- 
genated water  being  less  vaporizable  than  in  its  natund 
state,  by  placing  the  oxygenated  liquid  in  an  exhausted 
receiver  over  a  vessel  of  sulphuric  acid,  the  oxygen  vas 
concentrated,  until  the  liquid  held  double  the  quantity  es- 
sential to  it  as  a  protoxide  of  hydrogen. 
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ETALS  OF  THE  ALKALIES,  OR  ALKALIFIABLE 

METALS. 

*  this  head  potassium^  sodium^  and  lUhiuni  are 


SECTION  I. 
OF   POTASSIUM. 

liscovery  of  potassium  and  sodium  was  made  by 
iphry  Uavy,  in  1807,  by  exposing  their  oxides, 
md  soda,  to  the  divellent  influence  of  the  Voltaic 
These  metals  were  afterwards  obtained  more 
jr,  by  subjecting  the  alkalies,  in  contact  with  iron 
ded  state,  to  intense  heat  in  a  luted  gun  barrel. 
1  farther  improvement  has  been  made  by  heating 
li  intensely,  while  intermingled  with  charcoal.* 
Ikaline  metal,  whether  potassium  or  sodium,  being 
at  any  temperature  above  redness,  is  extricated 
tate  of  vapour,  and  condensed  in  a  part  of  the 
IS  where  tne  heat  is  below  redness. 
rties. — Potassium,  when  newly  cut,  strongly  re- 
silver  in  appearance.  It  is  malleable,  and  so  soft 
iry  temperatures,  as  to  be  moulded  between  the 
ike  wax.  When  copied  to  32®  it  becomes  brittle, 
bits,  when  broken,  a  crystalline  fracture.    It  melts 

and  is  converted  into  vapour  when  heated  to  a 
ow  redness.    When  exposed  to  the  air  at  the 

temperature,  it  absorbs  oxygen  rapidly,  and  is 
d  into  potash.  This  absorption  is  sometimes  so 
specially  when  aided  by  friction,  as  to  cause  the 
ition  of  the  potassium.  I  once  lost  half  an  oimce 
jium,  in  consequence  of  attempting  to  extricate  it 
ng  the  bottle  by  a  file ;  it  took  fire,  and  was  en- 
idized.  The  affinity  of  this  metal  for  oxygen  is 
y,  that,  when  thrown  upon  water  or  ice,  it  com- 
:h  the  oxygen ;  while  the  hydrogen  takes  up  a  cer- 
;ion  of  the  potassium,  and  bums  with  a  beautiful 
)ured  flame.  Potassium  is  lighter  than  water,  its 
gravity  being  only  0.86.  It  is  a  good  conductor 
ind  electricity.    Its  atomic  weight  is  40. 

pendix  for  my  letter  on  Brunner's  process  for  obtaining  potassium. 
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SECTION  11. 

OF  SODIUM. 

Properties. — Sodium  resembles  potassium  in  its  appear- 
ance, and  in  many  of  its  properties.  It  retains  its  soft- 
ness and  malleabUity  when  cooled  to  32^.  A  globule  of 
sodium,  thrown  upon  water,  swims  to  and  fro  on  the  sur- 
face with  great  rapidity,  absorbing  oxygen,  and  evolving 
hydrogen  from  the  water;  yet  no  inflammation  ensues. 
This  is  probably  owing  to  the  rapidity  of  its  motion, 
which,  by  bringing  it  in  contact  with  successive  portions 
of  water,  keeps  the  temperature  below  that  which  is  ne- 
cessary to  combustion ;  since,  when  the  water  is  thickened 
with  a  little  gum,  which  tends  to  impede  the  motion  of 
the  globule,  sodium  burns  with  a  brilliant  yellow  flame. 
The  presence  of  an  acid  produces  the  same  result.  The 
affinity  of  sodium  for  oxygen,  does  not  appear  to  be  so 
strong  as  that  of  potassium ;  since,  according  to  Thenard, 
it  is  not  oxidized  when  exposed  to  dry  atmospheric  air,  or 
oxygen.  It  melts  at  194^,  and  for  volatilization,  requires 
a  higher  temperature  than  potassium. 

Sodium  forms  a  number  of  alloys  with  potassium;  one 
of  these  remains  fluid  at  32%  and  is  lighter  than  naphtha. 
The  specific  gravity  of  sodium  is  0.97223.  It  is  a  good 
conductor  of  heat  and  electricity.  Its  atomic  weight 
is  24. 

248.  Experimental  Illustrations. 

The  inflammation  of  potassium  and  sodium  upon  water 
and  ice,  exhibited ;  also  the  regeneration  of  the  alkaU,  de- 
monstrated by  the  usual  tests.  The  decomposition  of 
potash,  by  iron  card-teeth,  heated  to  incandescence.  Ap- 
paratus for  its  evolution,  exhibited. 

Of  Potash  or  Potassa,  and  Soda,  the  Protoxides  of 

Potassium  and  Sodium. 

A  ley,  obtained  by  the  lixiviation  of  the  ashes  of  inland 
plants,  especially  wood,  when  boiled  down,  yields  the  pot- 
ashes of  commerce.  Potashes,  ignited  so  as  to  destroy 
vegetable  colouring  matter  and  other  impurities,  again 

solved,  and  boiled  to  dryness,  form  pearlash.    Pearlasb, 


dissolved  ia  water,  boiled  witli  lime,  filtered,  and  boiled 
down  to  the  consistency  of  moist  sugar,  dissolved  in  alco- 
hol, and  boiled  down  gradually,  and,  lastly,  fused  at  a  red 
heat  in  a  silver  vessel,  forms  the  potash,  or,  more  strictly, 
the  hydrate  of  potash  ofchemists.  If,  as  soon  as  the  alco- 
hol has  escaped,  the  residual  mass  be  refrigerated,  it  crys- 
tallizes. After  fusion  at  a  red  heat,  the  alkali  contains 
about  20  per  cent,  of  water,  exJBting  in  it  as  an  acid,  and 
of  which,  |>er  sc,  it  cannot  be  deprived  by  heat. 

Bcrzc!iu3  advises  ibe  addilion  of  one  and  a  half  parts  of  pure  lime,  to 
one  of  ihe  alkaline  carbooale,  dissolved  in  a  cauldron,  and  kept  boiling. 
The  lime  ia  not  to  be  added  at  once,  but  gradually ;  as  without  this  piecau- 
lion,  the  resulting  carbonate  of  lime  retains,  like  a  sponge,  a  grcM  part  of 
the  alkali.  The  lirguid  is  to  be  tested  by  an  acid  or  by  lime-water,  until  it 
ceases  lo  indicate  the  presence  of  carbonic  acid.  Afler  this,  it  may  cither 
be  kept  in  a  liquid  state,  or  evaporated  till  it  crystallizes,  and  preserved  in 
crystals;  or  being  ignited  till  it  becomes  fused,  and  pouted  out  on  a  slab, 
or  into  moulds,  it  may  be  preserved  in  the  stale  of  hydrate.  I  have  used 
for  the  purpose  last  mentioned,  (he  moulds  usually  employed  for  casting 
iDusket  balls.  The  spherical  form,  presenting  the  least  surface  in  propor- 
tion lo  the  mass,  is  favourabJe  for  a  aubstnnce  liable  to  be  deteriorated  by 
cootact  with  the  almospheie.  When  pearla.^h  is  resorted  to, — alter  the 
caustic  ley  has  been  evaporated  to  the  consistency  of  moist  sugar,  in  order 
to  gel  rid  of  its  impurities,  it  must  be  redissolved  in  alcohol.  This  liquid 
combines  with  the  pure  potash,  while  a  portion  of  water  contained  in,  or 
formed  from,  the  alcohol,  separates  from  it  in  union  with  the  impurities. 
The  alcohol  being  removed  from  the  potash  by  distillation,  it  may  be  pro- 
cured in  the  crystalline  form,  or  in  that  of  a  dry  hydrate,  ac<rording  to  the 
heal  employed. 

According  to  Bcrzelius,  pure  carbonate  of  potash  may  be  procured  from 
bilarlrate  of  potash,  whether  carbonized  by  heat,  or  deflagrated  with  pure 
nitre,  by  submitting  the  product  lo  solution  and  vaporization. 

Soda  is  obtained  from  the  ashes  ofceitain  plants  which 
grow  on  the  sea-shoro,  as  potash  is  by  the  iiicinenition  of 
those  which  grow  inland.  It  is  procured  also  from  chlo- 
ride of  sodium,  and  sulphate  of  soda. 

Soda  is  purified,  and  procured  in  the  state  of  hydrate, 
or  in  crystals,  by  a  process  analogous  to  that  above  de- 
scribed for  its  kindred  alkali. 

Properties  of  Potash  and  Soda. — Potash  and  soda  are  of 
a  grayish-white  colour,  and,  in  common  with  other  alka- 
lies, have  a  peculiar  taste.  They  render  tincture  of  tur- 
meric brown,  syrup  of  violets  green,  and  alkanct  blue. 
Colours  changed  by  acids,  are  restored  by  them.  They 
are  the  opposites  of,  and  antidotes  to,  acid.s,  and  capable 
of  forming  with  them  neutral  compounds,  or,  in  other 
ivords,  such  as  are  neither  acid  nor  alkaline.    They  are 
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incorrectly  said  to  render  vegetable  blues  green,  as  if  this 
were  universally  true.  Alkanet  is  made  blue  by  them, 
while  neither  litmus  nor  indigo  is  rendered  green. 

Although  potash  is  more  soluble  than  soda,  and  is  deli* 
quescent,  while  soda  effloresces;  yet  the  salts  of  soda  are 
more  soluble  than  those  of  potash.  Both  cauterize  the 
flesh.  Potash  is  the  more  active.  Common  caustic  is  an 
impure  hydrate  of  this  alkali. 

Crystallized  potash  contains  four  atoms  of  water  to 
one  of  the  oxide,  of  which  three  only  can  be  expelled  by 
heat.  After  fusion  it  may  be  called,  however  paradoxical 
it  may  seem,  an  anhydrous  hydrate,  though  not  an  anhy- 
drous oxide.  The  hydrate  of  potash  consists  of  one  atom 
of  alkali,  and  one  of  water. 

Both  potash  and  soda  fuse  when  subjected  to  a  red 
heat.  The  atomic  weight  of  potash  is  48«  that  of  soda, 
32. 

Potash  may  be  distinguished  from  soda,  by  its  forming 
salts  nearly  insoluble  in  water  with  tartaric,  or  oxychloric 
acid ;  while  those  formed  by  soda  with  the  same  acids  are 
soluble.  Chloroplatinic  acid  causes  a  yellow,  and  sul- 
phate of  alumina  a  white,  precipitate  with  potash,  but  not 
with  soda. 

249.  Experimental  Illustrations. 

Characteristic  changes  produced  in  vegetable  infusions, 
as  in  a  previous  illustration,  page  254. 

To  saturated  solutions  of  potash  and  soda,  or  their 
carbonates,  a  saturated  solution  of  tartaric  acid  being 
added  in  excess,  crystals  are  yielded  by  the  potash  only. 
Into  different  salts  of  the  two  alkalies  in  solution,  chloro- 
platinic acid  being  poured,  a  light  yellow  precipitate  dis- 
tinguishes the  potash. 

Cfthe  Peroxides  and  Suboxides  of  Potassium  and  Sodium. 

Peroxide  of  potassium  is  produced  by  the  combustion  of  potassium  on 
a  plate  of  silver  in  oxygen  gas,  in  which  case  the  metal  acquires  three 
times  as  much  oxygen  as  it  holds  in  the  state  of  potash.  The  peroxide  is 
also  obtained  when  nitre  is  intensely  heated,  or  when  potassium  is  defla- 
grated with  nitre. 

Two  parts  of  sulphate  of  potash,  and  one  of  lampblack,  give  a  pyropbo- 
rus  which  ignites  with  scintillations  in  the  air.  This  arises,  no  doubt, 
from  the  evolution  of  potassium,  or  the  formation  of  its  sulphuret. 
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The  peroxide  of  polBssiuin  is  of  a  greenish. yellow  colour,  and  _ 
XDOsI  of  the  properties  of  the  protoxide,  excepting  that  of  acting  as  a  base. 
"When  brought  in  contact  with  water  or  acids,  it  is  decomposed  into  potash 
and  oxygen. 

The  peroxide  of  sodium  is  of  a  gre«niah-yel]ow  colour  also,  and,  in  ita 
properties,  is  analogous  to  the  peroxide  of  potassium,  except  that  at  a  high 
Isntperature  it  abandons  part  of  its  oxygen,  and  is  converted  into  protoxide. 
it  cannot,  therefore,  be  obtained  by  burning  sodiuni  in  an  excess  of  oxy- 
gen ;  since  the  heat  produced  by  the  combustion,  would  decompose  the  per- 
oxide, if  already  formed.  In  order  to  procure  it,  it  is  necessary  to  heat 
soda  in  contact  with  oxygen.  The  peroxide  of  sodium  contains  one  and 
a  halfaloms  of  oxygen,  united  to  one  of  metal. 

Berzelius  mcnlions  that  suboxide  of  potassium  may  be  obtained  by  heat- 
ing the  metal  in  a  quantity  of  oxygen  inadequate  for  its  saturation;  also 
by  exposing  to  a  temperature  of  about  40°  F.,  a  mixture  of  hydrate  of 
potash  and  potassium,  in  equivalent  proportions;  in  which  case  the  metal 
is  oxidized  at  the  expense  of  the  combined  water,  the  hydrogen  escaping. 
The  anhydrous  protoxide  may  be  obtained  in  like  manner,  by  heating  po- 
ta^um  with  a  greater  quantity  of  the  hydrate. 

Turner  alleges,  however,  that  the  suboxide  of  potassium  is  generally  re- 
garded by  chemists  as  nothing  more  than  a  mixture  of  potassium  and 
potash. 

According  to  Berzelius,  a  suboxide  of  sodium  may  be  obtained  by  the 
same  means  as  the  suboxide  of  potassium,  substituting  the  one  tnetal  for 
the  other.  The  same  uncertainty,  however,  prevails  with  regard  to  it,  as 
with  regard  to  the  suboxide  of  potassium. 

When  potassium  or  sodium  is  heated  in  ammonia,  it  combines  with  ni- 
trogen and  liberates  hydrogen,  and  the  resulting  nitrurcl  absorbs  ammonia; 
80  that  we  have  a  combination  of  two  binary  compounds  of  nitrogen,  which 
may  possess,  to  a  small  extent,  the  relation  of  acid  and  base-  There  are, 
however,  oo  phenomena  in  chemistry  which  are  more  anomalous  than 
those  which  are  associated  with  the  production  and  evolution  of  this  com- 
pound. Nevertheless,  as  its  nature  is  unintelligible  even  to  adepts,  I  shall 
iK)i  present  the  details  here. 

I  hinted,  when  entering  upon  the  subject  of  nitrogen,  that  it  would  be 
seen  in  the  sequel,  that  it  was  not  destitute  of  pretensions  to  a  place  in  the 
basacigen  class.  It  was  in  reference  to  the  phenomena  above  alluded  to, 
that  I  made  that  remark. 

If  nitrogen  form  the  common  ingredient  in  two  compounds,  one  elec- 
tro-negative, the  other  electro-positive,  which  combine  to  form  a  third,  it 
fiilfils  the  condition  of  a  body  producing  both  an  acid  and  a  base,  and  is 
of  course  a  basacigen -body.  Yet  it  has  already  been  pointed  out  that 
there  is  no  class,  of  which  some  of  the  members  do  not  display  properties 
which  might  cause  them  to  be  placed  in  another  class. 

OfPhofphuret  of  Potagnnm. 

Phosphorus  and  potassium,  heated  together  in  nitrogen  or  hydrogen  gas, 
combine  with  the  phenomena  of  combustion.  In  phosphuretted  hydro- 
gen, potassium  burns,  combining  with  phosphorus,  and  liberating  the  hy- 
drogen. 

Tills  combination  decomposes  water,  but,  according  to  Berzelius,  the 
gas  evolved  does  not  inflame  spontaneously. 
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Of  the  Compounds  cfPoUunum  vnih  Carbon^  Boron^  and 

The  black  matter  which  remains  after  the  distillation  of  potassium,  n 
obtained  by  Brunner's  process,  is  alleged  by  Berzelius  to  be  a  percarhh 
ret  of  potassium.  When  moistened  it  inflames,  no  doubt  by  decomposing 
water,  and  evolving  potassuretted  hydrogen.  The  black  matter  which  ob- 
structs the  tube  used  in  the  evolution  of  potassium  by  the  process  above 
mentioned,  is  also  held  to  be  a  carburet. 

These  carburets  I  have  found  useful  in  purifying  naphtha,  by  its  distil, 
lation  with  them.  After  undergoing  this  ordeal,  potassium  may  be  kept 
in  it  with  less  appearance  of  reaction.  I  am  under  the  impression  that  tbe 
carbon  which  remains  in  the  iron  bottle,  is  imbued  with  potassium,  possibly 
in  a  state  of  chemical  union.  This  may  be  used  likewise  for  tbe  purifio* 
tion  of  naphtha. 

It  appears  as  if,  during  the  reduction  of  boric  acid  by  potassium,  a  fe> 
ruret  is  formed ;  since  a  portion  of  the  mass  evolves  a  gas  on  being  nxNi- 
tened,  which  has  not  the  smell  of  pure  hydrogen.  It  is  probably  bonireOBd 
hydrogen. 

A  siliciuret  of  potassium  is  obtained  during  the  decomposition  of  ftio> 
silicic  acid  gas.  A  portion  of  the  liberated  sUicon,  combining  with  potu* 
sium,  forms  the  compound  in  question.  This,  on  being  moistened,  ^les 
off  hydrogen,  which  has  a  peculiar  odour  resembling  that  of  phosphuretted 
hydrogen.  The  analogy  between  these  results  and  those  noentiooed  in  r& 
ference  to  boron,  is  obvious. 


SECTION  III. 
OF   LITHIUM. 

A  fixed  alkali  was  discovered,  in  1818,  by  Mr.  Arfwedson,  to  exist  in 
small  proportion,  as  an  ingredient  in  a  mineral  called  petalite.  He  af* 
terwards  discovered  it  in  two  other  minerals,  called  spodumenc  and  lepido 
lite.  Allusion  to  this  alkali,  and  the  origin  of  its  name,  was  made,  page 
253. 

By  the  influence  of  the  Voltaic  pile,  decided  indications  have  been  ob- 
tained of  the  existence,  in  lithia,  of  a  metallic  radical.  To  this  the  name 
of  lithium  has  been  given.  Lithium  resembles  sodium  in  appearance.  Its 
atomic  weight  is  6. 

Of  Lithia. 

Lilhia,  known  only  in  the  state  of  hydrate,  is  white,  caustic,  and  has  all 
the  attributes  of  an  alkali.  When  lithia,  whether  in  the  state  of  carbonate 
or  uncombined,  is  heated  in  contact  with  platinum,  the  metal  is  attacked, 
and  a  compound  is  formed,  which,  according  to  Thenard,  probacy  con- 
sists of  the  oxide  of  platinum,  united  to  the  oxide  of  lithium,  and  must  of 
course  be  a  platinate  of  lithia.  Lithia  is  composed  of  one  atom  of  lithium, 
equivalent  6,  and  one  atom  of  oxygen,  equivalent  8  =  14. 

Lithia  is  less  soluble  in  water  or  alcohol  than  soda  or  potash.  Its  car- 
bonate is  less  soluble  in  water  than  the  carbonates  of  those  alkalies.  The 
chloride  of  lithium  is  deliquescent,  and  soluble  in  alcohol,  the  phosphate  of 
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lithia  is  iDSoIuble  m  waier;  in  which  respects  these  compounds  HifTer  from 
the  corn^ponding  corabinatjons,  formed  by  !he  other  fixed  alkoliea,  or  their 
radicals. 


€)/  the  Reaction  of  Chlorine,  Bromine,  Iodine,  Fluorine, 

and  Cyanogen,  tmih  the  Metals  of  the  Earths  and  Alka- 

iies. 

In  a  former  edition  of  this  work,  it  was  mentioned 
that  for  aluminium,  glucinium,  yttrium,  thorium,  and  mag- 
nesium, chlorine  has  not  auflicient  affinity  to  expel  the 
oxygen  from  their  oxides;  and  that  it  was  only  in  the 
state  of  oxide  that  tliey  could  be  subjected  to  the  gas. 
It  has  been  already  stated,  that  Oersted  ingeniously  con- 
trived to  enable  chlorine  to  combine  with  aluminium,  by 
tlie  co-operating  affinity  of  intermingled  carbon  for  the 
oxygen  with  which,  in  the  state  of  earth,  tliis  metal  is 
united:  also,  that  a  similar  process  had  been  successfully 
employed  to  obtain  the  chlorides  of  glucinium,  yttriujii, 
thorium,  and  magnesium.  The  most  important  conside- 
ration, associated  with  the  existence  of  these  chlorides,  is 
their  susceptibility  of  decomposition  by  potassium,  and 
the  consequent  isolation  of  their  metallic  radicals. 

When  the  oxides  of  calcium,  barium,  strontium,  potas- 
siuiD,  sodium,  and  lithium  are  heated  in  chlorine,  these 
metals  are  converted  into  chlorides,  the  oxygen  being  dis- 
placed. Potassium  and  sodium  burn  actively  in  chlorine, 
and  it  appears  probable  that  any  of  the  metals  of  the  al- 
kalies or  alkaline  earths  may,  with  heat,  if  not  without, 
be  directly  combined  with  any  of  the  halogen  bodies. 
The  same  combinations  may  be  obtained  in  the  wet  way 
by  complex  affinity,  on  presenting  their  oxides  to  the 
acids  formed  by  these  bodies  with  hydrogen. 

The  chlorides  of  the  metals  of  the  alkalies,  and  of  tlie 
alkaline  earths,  are  all  soluble,  and  some  of  them  deli- 
quescent. When  in  solution,  they  contain  the  same  ele- 
ments as  if  they  were  chlorohydrates  of  oxybases;  and 
are,  therefore,  considered  as  such  by  some  chemists. 

The  difference  between  a  chloride  in  solution  and  such 
a  chlorohydrate,  is  rendered  evident  by  setting  down  the 
ingredients  agreeably  to  both  suppositions,  as  follows  :- 


t,  as  lUHUws: — 


» 
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Chlorine,  hydrogen.  Oxygen,  metal. 

Chlorohydric  acid.  O.vide. 

Chlorohydrate. 

Oxygen,  hydrogen.  Chlorine,  metal. 


Water. 


Chloride. 


L 


Dissolved  Chloride. 

The  soluble  clilorides  produce  precipitates  in  solutioM 
of  silver,  lead,  or  black  oxide  of  mercury.  They  do  QOt 
deflagrate  with  charcoal,  nor  do  they,  like  sulphates,  after 
being  heated  with  it,  yield  the  odour  of  sulphuretted  hy- 
drogen on  being  moistened. 

The  soluble  chlorides  of  the  metals  of  the  alkaline 
earths  and  alkalies,  excepting  that  of  magnesium,  are,  by 
heat,  converted  into  anhydrous  chlorides,  easily  detected 
by  the  fmnes  which  they  give  with  sulphuric  acid. 

Bromine,  like  chlorine,  when  heated  with  any  of  the 
fixed  alkalies,  or  alkaline  earths,  except  magnesia^  dis- 
places the  oxygen  and  combines  with  the  metallic  radical. 
Like  chlorine  also,  it  does  not,  per  se,  produce  this  eSect 
either  with  magnesia  or  the  earths  proper. 

The  affiuitiea  of  iodine  are,  in  most  cases,  less  enep 
getic  than  those  of  chlorine  or  bromine.  Potash  and 
soda  are  the  only  oxides  of  the  metals  of  the  earths  and 
alkalies,  from  which  iodine  can,  with  the  assistance  of 
heat,  expel  the  oxygen,  in  order  to  combine  with  their 
metals. 

The  bromides  and  iodides,  when  combined  with  water, 
may,  like  the  cUorides,  be  regarded  either  as  in  a  state 
of  solution,  or  as  bromohydrates  and  iodohydrates.  The 
bromides  may  be  recognised  by  the  red  vapours  which 
arise,  when  they  are  heated  in  a  tube  with  the  bisulphatfi 
of  potash.  Similar  vapours  would  be  given  out  bv  tha 
nitrites,  if  treated  in  the  same  way;  but  the  bromides 
may  be  distinguished  from  those  salts,  by  their  not  defla- 
grating when  thrown  on  incandescent  coals. 

The  iodides  may  be  detected  by  projecting  a  portion 
into  a  tube  containing  a  small  quantity  of  sulphuric  acid. 
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r  these  means  iodine,  if  preseot,  will  be  made  apparent 
In  the  form  of  a  violet  vapour.  Iodine  is  also  displaced 
from  its  combinalioDs  by  chlorine;  and,  when  these,  pre- 
viously to  the  addition  of  clilorine,  are  mingled  with  a 
paste  made  of  starch,  a  blue  colour  is  produced.  It  is 
alleged  that  sea  salt  sometimes  contains  a  quantity  of 
iodine  adequate  to  produce  this  result. 

Berzelius  states  that,  when  potassium  is  heated  in  cy- 
anogen, it  is  converted  into  a  cyanide;  also  that  the  habi- 
tudes of  sodium  are  in  this  respect  similar.  It  is  proba- 
ble that  the  same  result  would  ensue  with  all  the  metals 
of  the  alkalies  and  alkaline  earths.  Cyanogen  is  usually 
generated  by  the  reaction  of  potash  with  animal  matter, 
which  deoxidizes  the  alkali,  and  at  the  same  time  fur- 
nishes to  it  the  elements  of  cyanogen,  which,  in  conse- 
quence, simultaneously  uuite  with  each  other  and  with 
the  metal,  forming  a  cyanide  of  potassium. 

When  the  cyanoferrite  of  potassium  (ferroprussiate  of 
potash)  is  intensely  heated,  the  cyanoferric  acid  is  de- 
composed. The  cyanide  of  potassium  remains  mingled 
with  a  carburet  of  iron,  and  may  be  extricated  by  solu- 
tion, filtration,  evaporation,  and  crystallization.  Subject- 
ing the  cyanoferrite  of  sodium  to  a  similar  process,  the 
cyanide  of  sodium  may  be  obtained.  (See  page  293.) 

The  cyanides  may  be  detected  by  their  power  of  pro- 
ducing a  blue  colour  with  solutions  of  the  peroxide  of 
iron;  also  by  evolving  the  odour  of  peach  blossoms,  when 
sulyected  to  chlorohydric  acid. 

Could  fluorine  be  isolated,  it  is  highly  probable  that  its 
reaction  with  the  metals  of  the  earths  and  alkalies  would 
be  analogous  to  that  of  chlorine.  The  fluorides,  how- 
ever, differ  much  from  the  chlorides  in  solubility.  Some 
varieties  of  the  fluoride  of  calcium  constitute  Derbyshire 
spar,  while  the  chloride  of  calcium  is  a  deliquescent  salt. 

The  presence  of  fluorine  in  a  mineral  may,  in  a  ma- 
jority of  instances,  be  detected  by  the  following  process. 
Let  a  small  portion  of  it  be  pulverized,  and  subjected  to 
heat  with  about  twice  its  weight  of  concentrated  sulphu- 
ric acid,  in  a  leaden,  silver,  or  platinum  cup-  I^t  this 
cup  be  covered  by  a  glass  plate,  coated  with  beeswax, 
through  which  some  letters  have  been  traced  so  as  to 
denude  the  vitreous  surface.  After  exiwaurc  for  half  an 
hour,  aided  by  as  much  heat  as  can  be  used  without  melt- 
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ing  the  wax,  the  glass  should  be  relieved  from  its  coating 
and  examined.  Then,  if  the  portions  of  the  vitreoua  sur- 
face, exposed  to  the  fumes,  prove  to  be  so  corroded  aa 
to  render  the  characters  traced  throufih  the  wax  distin- 
guishable, the  presence  of  fluorine  may  be  inferred. 

Berzelius  informs  us  that  when  this  principle  is  in  com- 
bination with  silicon,  it  will  not  act  on  glass.  Hence  he 
advises  that  the  mineral,  suspected  of  containing  fluo- 
siticic  acid,  should  be  subjected  to  tiie  flame  of  the  blow- 
pipe, at  one  end  of  a  glass  tube,  of  which  both  ends  are 
open;  so  that  the  fumes  produced  may  be  impelled  by  the 
blast  through  the  tube  from  one  orifice  towards  the  otha. 
By  these  means,  milky  spots  will  appear  on  the  glass,  in 
consequence  of  the  condensation  of  water  containing  fluo- 
silicic  acid,  if  this  be  an  ingredient  in  the  mineral. 

Of  the  Jtcaction  of  Sulphur,  Selenmm,  and  Teilurium,  with 
the  Melals  qft/ie  Earths  and  Alkalies. 

Sulphur  unites  with  all  the  metals  of  the  alkalies  and 
alkaline  earths,  so  far  as  tlie  experiment  has  been  tried, 
whether  presented  to  them  in  the  metallic  state,  or  in  that 
of  oxide.  Its  power  of  reducing  their  oxides  is  greater 
than  that  of  any  other  basacigen  body;  as  when  present 
in  excess,  it  acts  by  its  affinity  for  the  oxygen  and  tlw 
metal.  (See  4th  case  of  affinity,  page  136.)  The  affisi^r 
of  the  halogen  bodies  for  oxygen,  is  so  inferior  to  that « 
sulphur,  that  when  oxygen  is  expelled  from  oxides  by  one 
portion  of  them,  it  does  not  combine  with  another,  how- 
ever great  the  excess  in  which  they  may  be  present. 

Sulphides  (sulphurets)  are  also  formed  by  deox-idizing 
the  sulphates  by  carbon  or  hydrogen  with  the  aid  of  hcatj 
by  boiling  sulphur  in  water  with  the  earth  or  alkali  to  be 
converted;  or  by  passing  sulphydric  acid  into  water,  hoW* 
ing  the  oxide  in  solution  or  suspension.  When  this  is 
done  under  favourable  circumstances,  the  metal  is  con- 
verted into  a  sulphobase  by  the  sulphur  of  one  portion  of 
the  acid;  while  the  compound  thus  formed  unites  with 
another  portion  of  the  acid,  forming  a  sulphosalt,  denomi- 
nated a  stitphydrate.  This  view  of  the  subject  we  owe  to 
Berzelius,  who  has  shown  that  sulphur,  selenium,  and  tel- 
lurium all  have  the  property  of  forming  acids  with  one  set 
of  radicals,  and  bases  with  another;  and  that  the  sulph- 
acids  and  sulphobascs  thus  formed,  are  capable,  like  ox- 
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•and  oxybases,  of  forming  compounds  which  he  con- 
1  as  sulphosalts,  or  salts  in  which  sulphur  performs 
A  analogous  to  that  wliich  oxygen  perfonas  in  oxy- 
Buch  as  the  sulphate  or  nitrate  of  potash, 
hnerly  it  was  supposed  that,  when  absorhed  by  an 
toe  solution,  sulphydric  acid  (sulphuretted  hydrogen) 
feed  with  the  oxybase,  forming  what  was  called  a 
ISulphuret.  It  was  also  supposed  that  a  sulphide  of 
kalifiable  metal,  by  solution  in  Mater,  would  be  con- 
d  into  an  oxybase  by  the  oxygen  of  the  water;  while 
ffdrogen,  with  a  double  proportion  of  sulphur,  form- 
iBulphuretfed  hydrogen,  would  combine  with  the  oxy- 

iwugli  the  sagacity  and  industry  of  Berzelius,  much 
tedge  has  of  late  years  been  accjuired  respecting  the 
ioatious  of  sulphur  with  the  alkaline  metals.  He 
koDs  seven  compounds,  in  which,  supposing  the  quan- 
If  the  potassium  in  each  to  be  the  same,  the  quanti- 
If  the  sulphur  are  severally  1,  2,  3^  3i,  4,  4|,  5. 
wemember  the  details  respecting  the  prepamtiou  and 
fcteristics  of  these  sulphides,  would  be  too  great  a 
en  for  the  memory  of  those  who  are  not  so  situated 
ftake  a  particular  interest  in  them, 
^ides  of  the  metals  of  the  earths  and  alkalies,  on 
\  moistened  with  water,  evolve  sulphydric  acid,  and 
Ke  this  result  still  more  actively  on  being  subjected 
lorohydric  acid. 

ie  selcnides  of  the  metals  of  the  earths  and  alkalies 
,  in  most  cases,  be  produced  by  heating  the  metal 
selenium.  The  selenides  of  these  metals  bear  a  great 
iblance  to  the  sulphides,  and  when  lieated  arc  re- 
i  to  the  metallic  state,  producing  the  smell  of  horse- 

{f»  tellurides  are  but  little  known,  and,  except  80  far 
1^  act  as  telhiracids  or  telluribases,  unimportant. 

I  250.  Kiperivtenfnl  lUuslralions. 

fohides  in  solution  exhibited.     Earths  precipitated  by 
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The  metals  included  under  this  head,  are  gold,  pk- 
tinum,  silver,  mercury,  copper^  lead,  tin,  bismuth,  iron,  zinc, 
arsenic,  antimony,  palladium,  rhodium,  iridium,  osmium, 
nickel,  cadmium,  chromium,  cobalt,  columbium,  Tnanganese, 
molybdenum,  titanium,  tungsten,  uranium,  cerium,  and  tu- 
nadium. 

SECTION   I. 


Gold  is  usually  found  in  nature^  nearly  pure.  It  is  nol 
hable,  like  other  metals,  to  be  disguised  by  a  union  with 
oxygen  or  sulphur.  The  precipitate  obtained  from  a  so- 
lution of  gold  coin  in  aqua  regia,  by  the  green  sulphate 
of  iron,  is  pure  gold.  This  metal  is  also  purified  by  ex- 
posure to  heat  and  air,  or  by  nitric  acid,  by  which  means 
baser  metals  are  oxidized;  as  in  the  processes  of  cupeUa- 
tion  and  parting. 

From  llie  sands,  or  ores,  in  which  they  exist  naturally, 
minute  portions  of  gold  are  collected  by  trituration  with 
mercury,  with  which  they  amalgamate.  The  gold,  thus 
secured,  is  separated  from  the  mercury  by  distillation. 

Properties. — Its  colour  and  lustre  are  well  known.  Its 
specific  gravity  is  19.3.  It  is  the  most  malleable  and  duc- 
tile metal,  and  suffers  the  least  by  exposure  to  air  aod 
moisture.  Gold  leaf,  which  is  about  KXK)  times  thinner 
than  printing  paper,  retains  its  lustre  in  the  air.  Gold 
leaf  transmits  a  greenish  light,  but  it  is  questionable 
whether  it  be  truly  translucent.  Placed  on  glass,  and 
viewed  by  transmitted  light,  it  appears  like  a  retina.  It 
is  erroneously  spoken  of  as  a  continuous  superficies. 

Gold  fuses  at  a  low  white  heat,  but  requires  the  tempe- 
rature produce{l  by  the  compound  blowpipe,  by  galvanism, 
or  by  the  explosive  power  of  electricity,  to  volatilize  or 
oxidize  it.  Its  not  being  liable  to  tarnish  by  exposure, 
is  due  to  the  weakness  of  its  affinity  for  oxygen  or  sul- 
phur. 

When  a  solution  of  chloride  of  gold  is  mixed  with  sul- 
phuric ether,  the  ether  takes  the  metal  from  the  chlorine 
retaining  it  in  solution.     If  iron  or  steel  be  moistened 
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this  ethereal  liquid,  it  is  productive  of  a  slight  gild- 

asphorus,  carlxin,  and  tlie  baser  metals,  also  hydro- 

as  and  its  compounds,  by  attraction  for  oxygen,  pre- 

ite  gold  in  the  metallic  form. 

tth  arsenic,  gold  combines  energetically,  absorbing 

letal  in  the  form  of  vapour,  at  a  red  heat,  without 

{ing  colour.    Gold  loses  its  malleability  by  acquiring 

of  its  weight  of  arsenic. 

>bably  gold  may  be  united  with  all  the  metals.     It 

^mates  readily  with  mercury.     Phosphorus  forms  a 

i  compound  with  gold.    The  equivalent  of  gold  is 


Of  ike  Compounds  of  Gold  with  Oxygen. 
itdiog  to  the  nomenclatuTc  employed  by  Thenard,  an  oxide,  con- 
of  one  atom  of  the  radical  and  two  of  oxygen,  is  a  bioxide.  In  a 
tt,  agreeably  to  the  same  authority,  there  are,  aa  the  word  implies, 
yaas  of  oxygen  to  one  of  the  radical.  I  prefer  these  appellations 
%  of  dcutoxide  or  triloxide,  where  the  proportions  are  as  above 
I.  They  are  more  precise  and  descriptive.  These  names  differ  in 
iwiiog  from  the  others  above  cited,  which  merely  convey  the  idea 
i  oxide  belongs  to  the  second  or  third  stage  of  oxidation,  whether 

E anions  be  1  to  2,  or  1  to  3,  or  1  to  H,  or  2  to  5. 
bjecting  a  protochloride  of  gold  to  a  solution  of  caustic  potash,  oxy- 
ea  the  place  of  the  chlorine,  and  protoxide  of  gold  results.  A  part 
^remains  in  solution,  and  is  converted  into  a  trioxide  and  metallic 
"The  trioxide  of  gold  is  obtained  by  digesting  an  aqueous  solution 
Bichloride  with  magnesia  in  slight  excess.  This  oxide,  which  is 
fof  acting  both  as  an  oxacid  and  as  an  oxybase,  in  this  inatanco 
Id  the  former  capacity,  combines  with  the  magnesia,  and  constitutes 

f,  of  which  the  greater  part  precipitates,  while  the  remainder  con- 
Btdution.  The  precipitate  should  be  washed  with  water  until  il 
Id  acquire  a  yellow  colour  by  the  addition  of  chlorohydric  acid.  Il 
Aea  be  digested  with  nitric  acid,  which  combines  with  the  magne- 
Itthus  isolates  the  trioxide.  If  the  nitric  acid  employed  be  concco- 
kre  obtain  the  trioxide  in  an  anhydrous  state,  and  of  a  brown  colour; 
Bnte,  as  a  yellowish-red  hydrate. 

protoxide  consists  of  one  atom  of  gold  and  one  of  oxygen,  the  tri- 
Ot  one  of  gold  and  three  of  oxygen.  Hence,  agreeably  to  the  ex- 
fef  Thenard,  I  designate  it  as  a  trioxide-  Acting  as  a  base,  this 
ptnbines  with  nitric  or  sulphuric  acid.  Il  is  precipitated  from  these 
iuions  by  water,  which  acts,  probably,  in  this  case,  as  an  oxybase 
»gen. 

b  oxacid,  trioxide  of  gold  unilai  with  all  the  alkalies  and  alkaline 
►  The  aurnte  of  ammonia,  a  compound  which  explodes  by  percus- 
m  long  been  known  under  the  name  of  fulminating  gold,  Berze- 
jlges  that  there  are  two  kinds;  one,  containing  nn  excess  of  am- 
detonates  more  powerfully;  the  other,  formed  with  a  lesaet  quan- 
""e  alkali,  contains  chloride  of  gold,  by  which  its  power  Is  enfeebled. 
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A  pnnipitate,  of  a  bcoutiful  purple  colour,  may  be  oLtaiood  either  bv 
mixing  diluted  solutions  of  (he  chlorides  of  tiu  and  gold ;  or  by  immeniDg 
an  ingot  of  tin,  or  tin  foil,  in  a  solution  of  chloride  of  gold,  containing 
some  free  chlorohydric  acid.  To  this  precipitate  the  name  of  purple  pow- 
dcr  of  Cassius  has  been  given.  I  infer  from  the  account  of  tliis  compouud, 
given  by  Berzelius,  that  it  consists  of  gold,  lio,  hydrogen,  and  oxygu. 
Respecting  the  mode  of  combination  there  is  some  obscurity- 

In  consequence  of  this  property  of  producing  the  purple  of  Cas^us,  lio, 
whether  in  the  metallic  stale  or  that  of  dissolved  protochloride,  ia  the  bat 
test  for  gold. 

Berzelius  does  not  consider  the  purple  powder  into  which  gold  is  r«du(x4 
by  successive  electric  discharges,  as  any  thing  more  than  metallic  gold  in 
a  state  of  minute  division. 

Of  the  Compounds  of  Gold  icitk  the  Halogen  Ctasi. 

Chlorine  enercises 
belwuen  ihem  ensues, 
scnted  to  it  in  aqueous  solution,  or  in  aqua  regia.  The  liquid  which  bean 
this  name,  is  produced  by  the  mixture  of  chlorohydric  with  nitric  acid. 
It  ought  Dot,  however,  to  be  considered  as  s  combination  of  them.  Aj 
soon  as  the  mixture  is  effi^cted,  a  decomposition  of  both  of  the  acida  oom- 
mences.  All  the  hydrogen  of  the  ono,  and  part  of  the  oxygen  of  the  other, 
unite  to  form  water;  chlorine  and  nitrous  acid  being  disengaged  and  i 
or  less  evolved,  especially  if  aided  by  heat.  Exceptingthat  it  coatainsi 
rine  in  a  higher  degree  of  concentration,  which  of  course  enables  it  lo 
with  more  energy,  aqua  regia  docs  not  differ,  in  its  solvent  poioert,  from  ■ 
solution  of  chlorine  in  water.  It  cannot  properly  be  considered  as  a  d' 
tinct  acid;  since  it  only  acts  by  imparting  chlorine,  being  incapable^  as: 
aggregate,  of  enlering  into  composition. 

The  name  of  aqua  regia,  or  royal  water,  was  given  to  this  scJvent. 
account  of  its  property  of  dissolving  gold,  the  alleged  king  of  mefiils. 
Since  the  promulgation  of  the  French  nomenclature,  it  has  been  calltJ 
nitro-muriatic  acid ;  but  as  this  conveys  a  false  idea  of  its  nature,  I  woubl 
cell  it  by  its  old  name,  aqua  regia,  or,  if  a  new  name  be  necessary,  I 
would  sugpwt'thal  of  nilrohydrous  chlorine.  Formerly  the  aqueous  aoti- 
tion  of  cbiotine  and  aqua  regia  were  the  only  known  solvents  of  gold. 
Latterly  Gl^y-Lusssc  has  alleged  that  iodic  acid  is  a  solvent  of  this  logtd; 
and  by  Milscherlich,  the  same  power  is  ascribed  to  selenic  acid. 

The  protochloride  of  gold  is  obtained  by  exposing  the  trichlondeto* 
gentle  heat,  which  drives  off  two  atoms  of  chlorine,  leaving  the  gpH  to 
combixiation  with  the  remainder.  If  the  heal  be  carried  too  far,  it  b  oft 
to  decompose  the  protochloride  into  metallic  gold  and  chlorine.  On  llui 
account  it  is  belter  lo  stop  the  operation  before  the  trichloride  is  entire^ 
decomposed,  and  to  wash  the  resulting  mass  with  water,  which  removci 
the  trichloride,  and  leaves  the  protochloride,  which  is  insoluble  in  ihit 
fluid  when  cold.  A  solution  of  the  chlorohydrate  of  the  trichloride  of 
gold,  the  trichloride  acting  as  a  chloribnso,  is  obtainol  when  gold  is  dis- 
solved in  aqua  regia. 

The  trichloride  may  be  isolated  by  heat,  which  expels  llio  chlomhydtic 
acid.  It  is  of  a  pale  yellow  colour,  and  has  an  astringent  and  dioa^Cfr 
abic  taste.  This  chloride  combines  as  un  acid  with  the  clilorides  of  tfat 
alkaline  metals,  forming  chloroau roles.     Hence  [  consider  this  as  colillid 
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B  appellation  of  chloroauric  acW.    The  trichloride  of  gold,  is  cdm- 
ne  atom  ofgold,  and  three  aloms  of  chlorine, 
e  forms  with  gold  a  tribromide,  which  corresponds  in  composi- 
dcm  and  chemical  properties  with  the  trichloride  of  the  same  metal. 

The  iodide  of  gold  agrees,  in  composition  and  chemical  relations,  with 
the  prolochloride  of  gold. 

The  cyanide  of  gold  appears  to  act  aa  an  acid. 

Oflhe  Nomenclature  of  the  Chloridct  of  Gold. 

lo  designating  the  Irichloride  of  gold  by  (he  name  of  chloroauric  acid, 
and  in  speaking  of  its  combination  with  the  chlorides  of  poia.s8ium  an^ 
sodium,  &c  aa  chioroau rates,  i  hnd  I  am  supported  by  (he  opinion  of  The* 
nard,  who,  in  the  second  and  third  volumes  of  the  new  edition  of  his 
work,  wherever  he  has  oocaeion  lo  mention  the  oombination  of  the  electro- 
iK^tivci  with  the  elcctro-posilive  chlorides,  speaks  of  the  elect ro-nogntivo 
compound  as  playing  the  pari  of  an  acid.  Moreover,  in  the  third  volume 
of  his  work,  in  treatiugorcompounds,  consisting  severally  of  two  sulphides, 
two  seienides,  or  two  tclluridcs,  he  espressos  the  opinion  that  it  would  be 
iDConsietent  to  dcaivnate  these  as  combinations  of  sulphacids  and  aulpho- 
baaes,  &c.,  if  anaiogaua  terms  are  not  to  be  applied  to  the  electro- negative 
aod  electro-positive  ingredients  in  the  double  haloid  salts  of  the  BcrzeliEin 
aomenclalure. 

Diunas,  in  his  Traite  de  Chimie,  in  describing  the  combinations  formed 
by  elwtro-negotive  with  elect ro-posi live  chlorides,  represents  the  former  as 
acting  the  part  of  chloracids,  the  lattec  of  chlorolmfies. 

Dr.  Thomson  has  adopted  views  corresponding,  in  this  respact,  with  j 

those  of  Thenard  and  myself,  and  acloftliy  employs,  to  a  great  extent,  the  I 

same  language.  J 

Of  the  Compounds  of  Gold  with  Sulphur.  ] 

Gold  ferms  wiih  sulphur  a  protosulphide  and  a  trisulphide.     The  pro-  I 

tosulphidc  is  formed  by  passing  a  current  of  sulphydric  acid  gas  through  1 

a  boiling  solution  of  the  trichloride.     It  is  ofa  deep  brown  colour,  and  is  | 

decomposed  by  heat  into  metallic  gold  and  sulphur.  . 

The  trisulphide  may  be  precipitated  by  passing  a  current  of  sulphydric  I 

acid  into  n  dilute  solution  of  the  trichloride,  or  by  adding  an  acid  to  a  so-  i 

lution  of  the  sulphaurale  of  potassium.     The  trisulphide  is  of  n  deep  yel-  ' 
low  colour,  and  b  decomposed  by  heat.     With  sulphobases  it  acts  as  an 

acid,  but  with  the  more  powerful  sulphacids  as  a  base.  I 

251.  Experimental  lUvstradons.  | 

Some  gold  leaf  is  placed  id  two  glass  vessels.     Nitric  |l 

acid  being  poured  into  one,  and  chlorohydric  acid  into  | 

the  other,  the  gold  is  not  acted  upon;  but  when  the  con-  ' 

tents  of  the  two  vessels  are  united,  the  gold  disappttaw.  1 

Grfjld,  dissolved  by  aqua  regia,  and  precipitated  by  (lul-  i 
phate  of  iron,  or  by  chloride  of  tin.    A  cylinder  of  |>hon- 
phorus,  immersed  in  a  golution  of  the  uictal,  wz*{mtv» 
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the  appearance  of  a  cylinder  of  gold.  Separation  ofgoB* 
from  its  solution  by  ether.  Effects  of  the  ethereal  aolu- 1 
tion  exhibited.     Action  of  mercury  on  gold  leaf. 


SECTION  II. 
OF    PLATINUM. 

This  metal,  in  the  crude  state  of  its  native  grains,  as  il 
comes  from  South  America,  may  be  dissolved  in  aqua 
regia,  by  which  it  is  converted  into  chloroplatinic  acid.*, 
A  solution  of  sal  ammoniac  being  added,  ao  orangfr' 
coloured  precipitate  results  of  chloroplatinate  of  amnio- 
nium.  Ignition  devclopee  the  metal  from  this  precipitate, 
but  in  a  divided  state.  By  intense  pressure,  the  minute 
particles,  tlm^^rqtured,  arc  made  to  cohere,  so  far  as  to 
sustain  the  welding  process.  By  this  they  are  made  to 
coalesce  into  a  perfectly  solid  and  coherent  mass. 

Aq(*rding  to  Borzclius,  platinum,  as  obtained  by  the 
process  above  mentioned,  is  alloyed  with  iridium,  and  in- 
ferior to  the  pure  metal  in  colour,  brilliancy,  ductility,  and 
malleability;  while  at  the  same  time  il  is  stronger  and 
more  suitable  for  the  purposes  for  which  il  is  usually  em- 
ployed. Il  may  be  obtained  pure,  by  precipitating  chloro- 
platinic acid  from  its  aqueous  solution  by  chloride  of  po- 
tassium, igniting  the  precipitate,  redissolving  it,  and  pre- 
cipitating again  by  sal  ammoniac;  and  lastly,  by  reducinn 
■ti\e  precipitate  by  ignition  to  the  spongy  form,  from  which, 
by  pressure  and  the  welding  process,  iC^uay  be  made  co- 
herent and  malleable,  as  in  the  above  'tiientioned  process 
for  obtaining  the  metal. 

Properties. — The  colour  of  this  metal  as  ordinarily  ob- 
tained, is  intermediate  between  that  of  silver  and  steel; 
but  when  pure,  as  above  stated,  it  resembles  silver  in  co- 
lour and  softness,  more  than  when  alloyed  with  iridium. 
Its  specific  gravity  is  21.53.  A  cubic  inch  of  it  weighs 
nearly  three-fourths  of  a  pound.  It  is  about  twice  as 
heavy  as  lead,  being  the  heaviest  body  known.  It  is  less 
ductile  and  malleable  than  gold,  but  harder  and  more  te- 

*  Sue  Leilor  an  tlie  Borzctiuu  NoiDcnvlitlure,  in  Uic  Af  paodii. 
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nacious;  though,  in  these  respects,  inferior  to  iron.  Like 
iron,  it  is  susceptible  of  being  hammered  and  welded  at  a 
white  heat.  It  can  neither  be  oxidized  nor  melted  by  the 
highest  temperatures  of  the  air  furnace  or  forge.  It  was 
first  fused  in  a  focus  of  the  solar  rays,  afterwards  by  means 
of  a  stream  of  oxygen  gas  on  ignited  charcoal,  but  much 
more  easily  by  the  compound  blowpipe,  under  which  it  was 
first  oxidized  and  dissipated  by  heat.  It  fuses  and  burns 
easily  in  the  Voltaic  circuit,  and  is  dispersed  and  oxidized 
by  mechanical  electricity.  It  is  one  of  the  worst  conduc- 
tors of  heat  among  metals. 

In  its  habitudes  with  oxygen,  chlorine,  and  the  acids,  it 
is  analogous  to  gold,  being,  like  that  metal,  detected  by 

f>rotochloride  of  tin,  which  produces  with  it  a  claret  co- 
our.     It  unites  so  energetically  with  tin  at  a  red  heat,  as 
to  occasion  the  phenomena  of  combustion. .  vilSh£^  in  ^   ^ 
divided  state,  as  obtained  by  igniting  the  chloropKijdnate 
of  ammonium,  it  amalgamates  with  mercury  by  tntyra-    • 
tion. 

Platinum  combines  with  boron,  silicon,  and  phospho- 
rus.    On  account  of  its  infusibility  at  the  highest  tempe- 
ratures produced  by  the  air-furnace,  or  forge,  and  its  in- 
susceptibility of  being  corroded  by  the  acidff  usually  em- 
ployed in  chemical  processes,  it  is  much  used  by  chemists 
for  crucibles,  evaporating  vessels,  and  spoons;  ^o  m  «- 
periments  in  which  Voltaic  series  are  resorted  to  as  9,^ 
means  of  decomposition.    I  employ  it  in  my  galvanoA* 
ignition  apparatus  (see  page  1 07).    At  high  temperatures, 
it  is  acted  upon  by  the  alkaline  hydrates,  and  by  almost  n^ 
all  metals,  especially  tin  and  lead.     I  had  a  platinum  cru-  ^ 
cible  perforated,  by  fusing  in  it  some  flint  glass,  which  ' 
consists  of  lead,  siUcic  acid,  and  potash. 

The  equivalent  of  platinum  is  99. 

Of  the  Compounds  of  PlaHnum  with  Oxygen. 

Platinum  forms  a  protoxide,  consisting  of  one  atom  of  metal  and  one 
atom  of  oxygen,  which  may  be  obtained  from  the  chloride,  by  the  addition 
of  potash.  It  forms  also  a  bioxide,  containing  two  atoms  of  oxygen  to  one 
of  metal,  as  the  name  implies.  The  protoxide  acts  as  an  oxybase  only ;  the 
bioxide,  both  as  an  oxybase  and  oxacid.  In  the  last  mentioned  capacity 
it  enters  into  combination  with  ammonia,  in  the  compound  called  fulmi- 
nating platinum,  and  which  we  may  with  propriety  call  platinate  of  am- 
monia, or  ammonium.  Dr.  Thomson  alleges  the  existence  of  some  other 
oxides  of  platinum. 
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Of  the  Compounds  of  Platinum  with  the  Halogen  Clau. 

Platinum  forins  two  compounds  v^th  chlorine.  The  protochloride  coo- 
sists  of  one  atom  of  platinum  and  one  of  chlorine;  the  bichloride^  of  ooe 
atom  of  platinum  and  two  of  chlorine. 

The  protochloride  of  platinum  is  obtained  by  subjecting  the  bichloride 
to  heat.  If  the  heat  be  pushed  too  far,  the  protochloride  is  decompoaed. 
This  chloride,  according  to  Thenard,  combines  as  a  base  with  chlorohy- 
dric  acid.  As  an  acid,  it  unites  with  the  chlorobases.  I  would  there- 
fore call  it  chloroplatinovs  acidy  and  the  salts  which  it  forms,  chloropla- 
tinites.  Chloroplatinous  acid  is  of  a  grayish  colour,  and  insoluble  in 
water. 

The  bichloride  of  platinum  may  be  procured  by  evaporating  a  solutioo 
of  platinum  in  aqua  rcgia,  which  yields  crystals  of  the  chlorohydrele  of 
the  bichloride  of  platinum,  from  which  the  chlorohydric  acid  inay  be 
driven  off  by  a  gentle  heat.  In  colour  it  is  dark  reddish-brown,  and 
in  taste,  disagreeable  apd  astringent.  It  dissolves  in  water,  fbrroing  a 
solution  which,  when  saturated,  is  of  a  deep  red  colour.  It  combiDei 
with  tk  gre^tdwimber  of  other  chlorides,  with  which  it  acts  the  part  of  an 
acid,  altjji^dgh  it  is  susceptible  of  uniting  with  chlorohydric  acid  as  a  head. 
Its  prq{i(l»*ties  in  these  respects  entitle  it  to  the  appellation  of  chlcroplatime 
acid.  •* 

Bromine  forms  with  platinum,  a  compound  analogous  in  compositioD  to 
the  bichloride  of  that  metal,  and  which,  from  its  chemical  properties,  is  en- 
titled to  the  appellation  of  bromoplatinic  acid. 

Iodine  and  fluorine  both  form  compounds  with  platinum.  The  fluoride 
of  platinum  acts  as  an  acid ;  the  properties  of  the  iodide  in  this  respect  are 
unknown. 

Cyanogen  forms  two  compounds  with  platinum.  The  percyanide  com- 
bines with  cyanobases  as  an  acid,  and  of  course  may  be  designated  as 
cytinoplatinic  acid. 

Of  tJie  Compounds  of  Platinum  with  Sulphur. 

Platinum  combines  with  sulphur  in  two  proportions.  Both  sulphides 
combine  as  sulphobases  with  sulphacids,  but  the  persulphide  unites  as  a 
sulphacid  with  sulphobases  of  the  alkalifiable  metals. 

252.  Experimental  Illustrations. 

Platinum  exhibited  in  the  state  of  native  grains,  and  in 
the  malleable  state.  Precipitated  from  its  solution  by 
chloride  of  ammonium,  and  chloride  of  tin.  A  precipitate 
produced  in  salts  of  potash  by  chloride  of  platinum,  dis- 
tinguishes them  from  salts  of  soda.  Combustion  of  pla- 
tinum with  tinfoil. 

Of  the  Power  of  Platinum,  and  other  Metals  in  a  divided  or  spongf 

Form,  to  induce  Chemical  Reaction. 

In  the  spongy  form  in  which  platinum  remains  after  the  chlorine  and 
onia  of  the  chloroplatinate  are  expelled,  it  has  the  wonderful  power  ol 
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Musing  the  inflanimntion  of  b  mixture  of  hydrogen  and  oxygen  gas.  I 
have  nscertaioed  that  ihis  power  is  acquired  by  asbestos,  porci?lain  earlh, 
Knd  charcoal,  merely  by  soaking  ihcBi  in  a  solulion  of  chioriJo  of'  plati- 
num, and  aubsequeoi  desiccation  and  ignition.  Thenard  stales,  that  pja- 
tiiium  tilings,  platinum  leaf,  or  an  association  of  fine  platinum  wires,  ex- 
ercise, in  B  greater  or  less  degree,  the  same  power  as  platinum  sponge, 

The  pulverulent  mass,  obtained  by  precipitating  platinum  by  zinc,  be- 
conncs  incandescent  in  the  vapour  of  alcohol.  As  the  best  meana  of  ob- 
taining platinum  in  that  stale  of  minute  division  in  which  it  is  most  eHtca- 
aous  in  producing  this  result,  Licbig  recommends  that  the  chloride  should 
be  dissolved  in  a  lixivium  of  caustic  potash  with  heat;  and  that  while  iho 
resulting  liquid  is  still  hot,  alcohol  should  be  added  in  small  quantities, 
aiirring  the  mixture  until  an  eflerveaccQce  arises  from  the  extrication  of 
carbonic  acid.  This,  however,  becomes  so  active  as  to  render  a  very  ca- 
pacious vessel  necessary  for  the  process.  The  platinum  precipitates  in  ihc 
form  of  A  black  powder,  which  is  to  be  separated  from  tite  liquii),  and 
trashed  successively  with  alcohol,  with  a  solution  of  potash,  with  chlorohy- 
dric  acid,  and  four  or  five  times  with  water.  When  dried,  the  powder  re. 
aembles  lampblack,  and  soils  the  fingers.  Nevertheless,  it  consists  only 
of  platinum  in  a  elate  of  minute  division,  since  it  may  be  healed  to  n  cherry- 
i«d  in  the  air  or  in  oxygen,  without  losing  weight  or  undergoing  any 
change  in  its  properties.  These  are,  however,  destroyed  by  incanilesoence, 
which  rctitorcs  its  metallic  apiKarance.  Under  the  burnisher,  it  becomes 
slightly  of  a  metallic  gray.  In  aqua  regia,  it  dissolves  without  leaving  any 
residue. 

Its  properties  are  as  follows:  like  charcoal,  it  condenses  the  gareq  in  its 
pores,  with  a  development  of  heal;  and  if,  after  being  deprived  of  air  and 
moisture  hy  exposure  to  a  vacuum  over  sulphuric  acid,  the  atmosphere  he 
rapidly  admitted,  it  becomes  red-hot.  It  causes  the  combustion  of  hydro- 
gen or  alcoholic  vapour,  when  in  contact  with  them  with  access  of  air, 
and  becomes  incaadescent  on  falling  on  a  surface  woi  with  alcohol.  If 
moislened  with  alcohol,  it  converts  it,  at  the  expense  of  ihe  oxygen  of  the 
air,  into  acetic  acid  and  acetic  ether.  Platinum,  Imtvever  prepared,  gra- 
dually loses  the  properly  of  causing  a  union  between  oxygen  and  hydro- 
gen;  but  this  property  disappears  much  more  rapidly  when  exposed  to  the 
action  of  the  air,  than  when  protected  from  its  influence.  Spongy  plnti- 
aum,  moreover,  which  from  its  structure  does  not  readily  admit  nir  into 
its  pores,  remains  effective  longer  than  platinum  u.ndei-  any  other  slate ; 
unless  that  in  which  it  is  procured  hy  precipitation  by  zinc  be  an  e.^eop- 
tion.  Platinum  leaf,  which  in  the  air  is  rendered  poweilr-ss  in  a  /few  min- 
utes, when  in  the  form  of  a  scroll  and  incliideil  in  a  close  verai^f,  rrmninn 
eflective  for  twenty-four  Inura.  The  power  of  protlueing  a  union  between 
hydrogen  and  oxygen,  may  be  restored  hy  immureion  in  an  acid,  or  by 
incandescence. 

Platinum  is  not  the  only  substance  which  possesses  the  property  of  pro- 
ducing the  combination  of  oxygen  and  hydrogen.  Gold,  precipiinteri  from 
its  solution  by  meansof  zinc  and  subfttquently  hentrtl  lorrdncRs,  ifaMisted 
by  a  Icmpcmlure  of  122°,  causes  the  union  of  hydrogt^n  and  oxyfjen. 
dsmium  slowly  proiluces  the  same  oflcct,  at  a  heat  n  little  below  that 
which  is  necessary  in  the  case  of  gold.  Spongy  nickel  arts  slowly  n!  the 
ordinary  temperature  of  the  atmosphere.  Palladinm,  rhodhim,  and  iri- 
dium produce  the  snmc  effect  on  a  mixture  of  hydrogen  and  oxygm  nn 
plfttiauro,  though  with  less  intensity.     Charccalt  PMjjriMyitaM,  *i>d  ruck 


INORGANIC  SUBSTANCES. 


crystal  produce  a  union  between  hydrogen  and  oxygen,  at  temperUoia 
lower  than  that  at  which  it  would  otherwise  take  place. 


2.l3.  Experimental  Illustrations. 
A  mixture  of  hydrogen  aod  oxygen  inflamed  by  platinum 
■  plalinated  asbestos.     Incandescence  of  plati- 
num powder  produced  by  moistening  it  with  alcohol. 


SECTION  II 


Silver  exists  in  nature  nearly  pure,  but  usually  contaio- 
ing  a  minute  quantity  of  gold,  copper,  arsenic,  or  iron. 
It  also  exists  in  alloys,  containing  various  equivalent  pro- 
portions of  arsenic,  antimony,  tellurium,  or  gold.  It  13 
found,  likewise,  in  the  state  of  chloride,  iodide,  sulphide, 
and  carbonate,  and  in  a  variety  of  galena,  the  native  sul- 

fhide  of  lead,  called,  in  consequence,  argentiferous  galena. 
D  consequence  of  its  fusibility  and  insusceptibility  of  0x1- 
dizemeDt,-when  any  metallic  alloy,  containing  it,  is  exposed 
to  intense  ignition  with  access  of  air,  the  silver  is  sepa- 
rated from  any  metal  which,  when  thus  exposed,  is  liaWe 
to  be  converted  into  an  oxide.  In  the  small  way,  this 
object  is  effected  upon  the  cupel,  in  the  operation  called 
cupellation.  A  cupel  is  a  small  Hat  cylinder,  made  d 
bone  earth  obtained  by  calcination,  in  the  upper  surfece 
of  which  there  is  a  hemispherical  cavity.  In  this  cavity 
any  gold  or  silver  to  be  refined  is  placed  with  a  portion 
of  lead.  The  cui^el  is  then  placed  in  a  small  earthenware 
oven,  called  a  muffle,  and  exposed  to  a  heat  sufficient  to 
render  and  keep  the  metals  fluid.  Under  these  circum- 
stances, the  lead  is  oxidized  and  vitrified,  and  promotes  a 
similar  change  in  any  other  metals  present,  which  are 
susceptible  of  oxidizement  under  the  circumstances  il  < 
question.  The  vitreous  matter,  thus  produced,  is  absorb- 
ed by  the  bone  earth.  After  the  process  has  endured 
sufficiently,  only  the  gold  and  silver,  or  other  noble  metak 
should  any  be  present,  can  remain  upon  the  cupel.  This 
stage  of  the  process  is  indicated  by  the  metallic  surface 
being  no  longer  obscured  by  any  film  of  oxidized  matten 
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As  in  the  cases  in  which  this  process  is  employed,  no 
other  noble  metals  are  liable  to  be  present  besides  gold 
and  silver,  I  shall  treat  of  it  only  in  reference  to  tliem. 

From  the  alloy  purified  upon  the  cupel,  the  silver  may  * 

be  removed  by  nitric  acid,  wlien  the  gold  does  not  exceed 
a  fourth  of  the  whole.  In  order,  therefore,  to  enable  the 
nitric  acid  to  dissolve  the  silver,  the  mass  is  fused  with, 
the  addition  of  as  much  of  this  metal,  as  will  establish  the  | 

requisite  ratio  between  it  and  the  gold.     This  is  called  , 

iptartation.  The  process  of  separating  the  metals  after- 
wards by  nitric  acid,  is  called  7wr/m^. 

If  the  alloy  be  subjected  to  aqua  regia,  the  gold  only 
will  be  taken  up.     The  silver  will  precipitate  as  a  chlo- 
ride, and  Uie  parting  will  be  efiected  the  easier,  in  pro-  i 
portion  as  the  quantity  present  of  the  last  mentioned  | 
metal  is  less. 

Silver,  contained  in  argentiferous  copper,  is  extracted 
by  means  of  lead,  in  the  process  called  liquation.  The 
alloy  is  fused  with  two  and  a  half  parts  of  the  metal  last  ^ 

mentioned,  and  cast  into  thick  round  cakes.     These  are  j 

subsequently  exposed  in  a  reverberating  furnace,  to  a  ] 

heat  sufficient  to  melt  the  silver  and  lead,  leaving  the  I 

copper,  which  lias  scarcely  any  affinity  for  lead.     The  I 

silver  is  afterwards  separated  from  the  lead  by  cupella-  ' 

tion. 

Pure  silver  may  be  obtained  from  silver  coin  by  va- 
rious means.     The  white  crystals  spontaneously  afforded  jj 
by  a  solution  of  the  coin  in  nitric  acid,  cautiously  drained, 
and  washed  with  a  portion  of  water  barely  sufficient  to  \ 
remove  every  vestige  of  green,  yield  a  solution  of  pure  ! 
silver.     The  residual  liquid  may  be  decomposed  by  cop- 
per, and  the  precipitate  redissolved,  and  crystallized  by            II 
evaporation;  and  thus  a  fresh  crop  of  white  crystals  may 
be    procured.     The   whiteness  of  the   crystals   may  be  j 
deemed  the  criterion  of  their  purity.     Silver  precipitated 
by  mercury,  as  in  the  case  of  the  arbor  Dianie,  only  re- 
quires ignition  to  render  it  pure.  i 

Properties. — Excepting  steel,  silver  is  susceptible  of  the 
highest  degree  of  metallic  brilliancy;  and  next  to  gold,  it 
is  the  most  malleable  and  ductile  metal.  In  metallic 
whiteness  it  is  pre-eminently  beautiful,  and  in  tenacity 
inferior  only  to  irou,  copper,  and  platinum.  Its  specific 
gravity  is  10.5.    It  is  the  best  conductor  of  caloric,  fuses  j 
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at  a  low  white  heat,  is  as  difficult  to  oxidize  in  the  fire  as 
gold,  but  is  more  liable  to  tarnish  when  exposed  to  the 
atmosphere,  from  its  susceptibility  to  the  action  of  sul- 
phur and  chlorine.  Hence  it  is  blackened  by  eggs  and 
by  salt  water. 

By  the  compound  blowpipe,  electricity,  or  galvtmism, 
silver  is  fused,  oxidized,  and  dissipated.  Its  equivalent 
is  108. 

Exposed  to  nitric  acid,  it  is  oxidized  by  one  portion, 
and  dissolved  by  the  other.  In  fact  this  acid  is  its  pro- 
per solvent.  The  resulting  nitrate,  when  fused  and  cast 
into  sticks,  forms  the  lunar  caustic  of  the  shops.  It  cod- 
sists  of  one  atom  of  acid  54,  and  one  of  oxide  116, 
=  170. 

Sulphuric  acid,  when  cold,  has  no  reaction  with  silver. 
At  a  boiling  heat,  the  metal ,  is  oxidized  at  the  expense  of 
one  portion  of  the  acid;  and  the  oxide,  thus  formed,  is 
dissolved  by  another  portion,  as  in  the  case  of  nitric  acid. 

Silver  combines  with  phosphorus,  and  in  minute  pro- 
portion with  carbon  and  silicon. 

Of  the  Compounds  of  Silver  with  Oxygen, 

Silver  forms  two  oxides.  The  protoxide  is  obtained  by  decomppsiog 
the  nitrate  by  potash  or  soda.  It  is  of  a  deep  olive  colour,  slightly  soluble 
in  water,  and,  according  to  Thenard,  sufficiently  alkaline  to  render  syrup 
of  violets  green.  It  revives  simply  by  the  influence  of  heat,  and  of  course 
is  reducible  when  heated  with  those  radicals,  which,  under  the  same  cir- 
cumstances, cornbine,  per  se,*  with  oxygen.  When  thus  reduced,  it  must 
of  course  produce  the  vivid  ignition  which  is  consequent  to  the  presence  of 
pure  oxygen. 

This  oxide,  by  uniting  with  ammonia,  produces  a  fulminating  compound, 
so  dangerous  that  few  persons  have  been  willing  to  encounter  the  risk  of 
making  it.  This  should  not  be  confounded  with  the  fulminate  of  silver, 
consisting  of  the  same  metal  and  fulminic  acid,  treated  of  at  page  295. 

The  peroxide  of  silver  is  formed  around  the  wire,  proceeding  .from  the 
positive  pole  of  the  Voltaic  series,  when  a  weak  solution  of  nitrate  of  «1- 
ver  is  placed  in  the  circuit.  It  crystallizes  in  long  needles,  endowed  with 
a  metallic  brilliancy.  It  does  not  combine  with  acids,  but  when  presented 
to  them,  by  a  partial  relinquishment  of  oxygen  passes  to  the  state  of  prot- 
oxide. This  oxide  does  not  act  either  as  a  base  or  an  acid.  It  detoDates 
with  phosphorus,  if  struck  with  a  hammer  while  in  contact  with  that  sub- 
stance; and  when  subjected  to  ammonia,  disengciges  nitrogen  from  it  by 
oxidizing  the  hydrogen. 

*  These  words  have  long  been  used  by  chemists  to  convey  the  idea  of  chanfn 
sustained  in  a  mass  apparently  isolated,  or  not  subjected  to  the  influence  of  any 
otlicr  ponderable  matter. 


of  a  suboxide  of  silver. 

Of  the  Compmmdi  of  Silver  v>Uh  the  Halogta  Clnsa. 
r  UDites  wilh  chlorine  ubcn  healed  in  it,  or  prcscnic-d  lo  it  in  solu- 
The  resulting  chloride  is  one  of  ihc  most  insoluble  tombiaationK. 
not  soluble  in  aqua  rcgia,  or  any  oilier  liquid  containing 
Q  this  account,  soluble  chlorides  yield  a  precipitate,  when 
!r  are  added  to  thcin. 
e  chloride  of  silver  is  white  and  tasteless,  and,  according  to  Thcnard, 
■xposed  to  ligbl,  is  decomposed,  forming  a  sulx'hloride.     It  com- 
s  a  base  with  the  electro-negative,  and  as  an  acid  with  the  electro* 
I  positive  chlorides. 

It  is  susceptible  of  fusion  without  decomposition,  forming  what  was 
called  by  the  old  chemists,  luna  cornea,  or  horn  silver. 

Chloride  of  silver  ts  soluble  in  liquid  Bmnrania,  forming  cbloroargenlalc 
of  ammonium.  It  may  bo  decomposed  by  hydrogen,  if  brought  into  con- 
tact wiiii  this  gas  in  its  nascent  slate,  as  when  evolved  frum  zinc  or  iron 
by  a  diluted  acid.  It  is  easily  decomposed  by  the  com[ioiind  blowpipe, 
•applied  with  hydrogen  and  atmospheric  airj  also  by  fusion  with  the  fixnl 
tikalica,  or  when  boiled  in  water  with  shreds  of  iron.  The  fomialion  and 
tubacquent  decomposition  of  the  chloride,  is  one  of  the  modes  of  obtaining 
pure  silver. 

The  chloride  of  silver  is  composed  of  one  atom  of  silver,  and  one  atom 
of  chlorine. 

Bromine  end  iodine  form,  wilh  silver,  compounds  analogotis  in  compo- 
aition  to  tlie  chloride.  The  bromide  and  iodide,  acting  as  acids,  combine 
with  the  bromides  and  iodides  of  the  alkalifiable  metals,  acting  as  bases. 
A  ontive  iodide  of  silver  has  been  found  in  Mexico. 

Fluorine  and  cyanogen  both  combine  wilh  silver;  the  fluoride  acts  as  a 
base,  the  cyanide  as  an  ucid. 

Of  the  Compound  of  Siher  wilh  Suiphvr. 

The  sulphide  of  silver  is  solid,  ductile,  easy  lo  cut,  of  n  lead-grny  colour 
with  a  metallic  brilliancy,  more  fusible  than  silver,  crysOillizable  in  cubes 
or  oclohedra,  and  indecomposable  by  fire.  It  ocls  as  a  jrowerrul  sulpho- 
base. 

This  sulphide  is  produced  whenever  silver  is  exposed  lo  sulphur,  or  sul- 
phydric  acid.  The  blackening  of  silver  spoons  by  eggs,  is  ascribed  to 
the  existence  ofa  minute  portion  of  sulphur  in  the  albumen.  The  impres- 
sion has  been  entertained  thai  persons,  who  use  the  water  of  the  white  sul- 
phur springs  freely,  iind  silver  coin,  carried  about  them,  blackened  by  the 
sulphur  introduced  into  the  blood.  This,  however,  may  arise  from  iheir 
frequenting  the  spring,  and  thus  exposing  the  silver  about  their  persons  to 
the  action  of  the  sulphydric  acid  gas  which  is  continually  evolved  from  the 
water.  I  am,  however,  far  from  deeming  the  fact  Improboblo.  It  would, 
a  priori,  lie  no  more  surprising  that  the  animal  frame  should  be  imbtied 
-mlh  sulphur  than  with  mercury. 


wilB  sulphur  the 

k 
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254.  Experimental  Illustrations.  ' 

Elxhibition  of  an  assay  funiace  and  muffle:  also  of  a 
cupel.  Oxidizement  and  solution  of  silver  in  nitric  acid 
exemplified:  also  its  precipitation  by  chlorides,  phos- 
phates, arsenites,  arseniates,  copper,  and  mercury. 


SECTION  IV. 
OF   MERCURY- 

This  well  known  metal  is  found  in  nature  in  the  metal- 
lic state,  pure,  and  amalgamated  with  silver;  also  in  the 
states  of  sulphide  and  of  chloride.  It  is  obtainecl  princi- 
pally from  cinnabar,  the  native  sulphide,  and  the  most 
abundant  and  prolific  of  its  ores,  by  distillation  with  the 
hydrate  of  lime.  In  this  country  it  may  always  be  pro- 
cured nearly  pure,  in  the  iron  bottles  in  which  it  is  im- 
ported. It  is  alleged  that  mercury  may  be  purified  by 
distillation  with  iron  filings.  I  once  distilled  several  hun- 
dred pounds  in  this  way  for  my  mercurial  reservoir,  but 
did  not  find  it  to  be  quite  pure  afterwards.  A  better  mode 
is  to  leave  it  exposed  to  dilute  sulphuric  acid  in  a  porce- 
lain dish,  for  a  month  or  more.  Under  these  circum- 
stances, any  metal  having  a  greater  afliinity  for  oxygen 
than  mercury,  will  be  taken  up  by  the  acid.  When  pure, 
it  may  be  shaken  in  a  white  porcelain  cup  without  soiling 
the  surface. 

Mercury  may  be  much  improved  in  purity,  simply  by 
agitation ;  as,  for  instance,  by  shaking  it  in  a  bottle,  al- 
lowing it  to  fall  from  a  great  height,  or  attaching  a  ves- 
sel containing  it  to  some  part  of  a  machine  in  motion. 

Properties. — Mercury  is  the  only  metal  which  is  liquid 
at  the  ordinary  temperature  of  the  atmosphere.  In  co- 
lour and  brilliancy  it  resembles  and  rivals  silver.  It 
freezes  into  a  malleable  solid  at  — 39°,  and  boils  at  600^ 
At  the  temperature  of  60°,  its  specific  gravity  is  13.6;  hrt 
in  freezing,  it  is  increased  to  14.4.  From  some  expm- 
ments  of  Faraday,  it  would  appear  that  mercury  vapo- 
rizes to  a  minute  extent,  whenever  the  temperature  of  the 
air  is  above  70°. 
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lurial  compounds  are  all  volatilizable  by  heat ;  and 
ial  salts,  when  moistened,  and  rubbed  upon  copper, 
\  with  a  film  of  mercury. 

alleged  that,  if  a  drop  of  any  liquid  containing 
y  be  placed  upon  gold,  and  touched  with  the  blade 
life,  or  a  piece  of  iron  wire,  the  mercury  will  be 
ated  upon  the  gold. 

equivalents  ot  mercury,  and  of  its  compounds 
ygen,  chlorine,  and  >sulpbur,  are  as  follows : — 

y,            -  -  -                equivalent  202 

de,        1  atom  mercury  with  1  atom  oxygen  210 

,           1  „  „  2  atoms    „  218 

iloride,  1  „  „  1  atom  chlorine  238 

ide,       1  „  „  2  atoms    „  274 

ilphide,  1  „  99  1  atom  sulphur  218 

ide,       1  „  „  2  atoms    „  234 

Of  the  Compounds  of  Mercury  with  Oxygen. 

e  is  still  some  discordancy  in  the  opinions  and  lan- 
)f  chemists  respecting  the  oxides  of  mercury.  It 
n  generally  held  that  there  are  two  oxides  of  this 
one  black,  the  other  red.  According  to  the  table 
valents  in  the  Appendix,  the  atom  of  mercury 
with  one  atom  of  oxygen,  forms  the  black  oxide  or 
Je,  =  210,  and  with  two  atoms  of  oxygen  forms 
oxide,  peroxide,  deutoxide,  or  bioxide,  =  218.  Dr. 
3n,  conceiving  the  atom  of  mercury  to  have  only 
3  weight  here  assigned  to  it,  considers  the  black 
3  consisting  of  two  atoms  of  metal,  and  one  of  oxy- 
d  consequently  designates  it  as  a  suboxide.  The 
ce  in  this  case,  therefore,  is  only  hypothetical, 
ibourt  has  advanced  that  there  is  only  one  oxide  of 
jr,  the  black  oxide  being  composed,  according  to 
the  red  oxide  and  metaUic  mercury.  Donovan,  on 
3r  hand,  has  shown  that,  when  a  small  quantity  of 
[  is  added  to  a  comparatively  large  quantity  of 
a  pure  protoxide  or  suboxide  is  obtained. 
protoxide  of  mercury  may  be  obtained  by  digest- 
I  protochloridc  v/ith  an  excess  of  potash.  The 
and  chlorine  exchange  places,  and  the  chloride  of 
mi,  and  protoxide  of  mercury  are  formed.  This 
lay  be  precipitated  from  a  solution  of  the  nii 
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of  the  protoxide,  by  the  additioQ  of  an  alkaline  solutioD. 
It  has  likewise  been  supposed  to  be  produced  when  mer- 
cury ia  subjected  to  long  continued  agitation,  io  contact 
with  air.  It  is,  however,  alleged  b}'  Bcrzelius,  that  the 
black  powder,  thus  obtained,  is  metallic  mercury  in  a  state 
of  extreme  division,  to  which  it  could  not  be  reduced 
without  the  interposition  of  the  oxide,  resulting  frooi  the 
presence  of  a  more  o.xidizable  metal;  that,  when  the  metJ 
is  quite  pure,  and  free  from  the  interposition  of  heterogSi 
neous  particles,  it  undergoes  no  change  by  agitation;  but 
that  if,  under  the  same  circumstances,  it  be  triturated  with 
grease,  gum,  powdered  glass,  or  sand,  it  may  be  reduced 
to  a  black  metallic  powder.  He  conceives  that  all  the 
preparations  made  by  triturating  mercury  with  grease, 
gum,  or  other  viscid  substances,  contain  the  metal  in  a  di- 
vided state,  but  not  oxidized. 

The  protoxide  of  mercury  is  a  black  powder,  which,  bj 
exposure  to  light,  or  to  the  heat  of  boiling  water,  is  con- 
verted into  metallic  mercury  and  bioxide. 

The  bioxide  may  bo  procured  by  long  exposure  of  mer- 
cury to  a  lieat  sufficient  to  cause  a  gentle  ebullition,  llie 
air  having  free  access.  It  may  hkewise  be  obtained  by 
expelling  the  acid  from  the  nitrate  by  heat-  Berzeliu* 
informs  us,  that,  agrccaby  to  the  opinion  of  some  respect- 
able physicians,  it  is  only  when  procured  by  the  fonoei 
method  that  it  is  fit  to  be  used  internally.  He  attributej 
this  difference  to  the  fact  of  its  sometimes  retaining,  wboD 
obtained  from  the  nitrate,  a  small  portion  of  nitric  acid' 
This  oxide,  when  in  mass,  is  of  a  beautiliil  red  colour,  but, 
when  powdered,  assumes  a  yellowish  appearance.  It  is 
decomposed  into  metallic  mercury  and  oxygen  at  a  heat 
a  little  below  redness.  In  water  it  is  slightly  soluble,  anii 
its  solution  has  the  property  of  rendering  syrup  of  violets 
green. 

Both  the  oxides  of  mercury  act  as  bases.  The  bioiide 
forms  with  ammonia  a  fulminating  compound. 

Of  the  Reaclion  of  Acids  with  Mercury  and  its  Oxides- 
When  nitric  acid,  whether  cold  or  hot,  concentrated  or 
dilute,  is  brought  into  contact  with  mercury,  one  portion 
of  the  acid  is  decomposeH,  imparting  oxygen  to  the  metal; 
the  oxide  thus  formed  being  dissolved  by  the  remainder  of 
the  acid.    When  the  metal  is  in  excess,  the  protoxide  is 
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jMTncipally  formed.  When  the  acid  is  in  excess,  the  bi- 
oxide  predominates.  Usually,  more  or  less  of  each  oxide 
is  formed' 

Whether  concentrated  or  dilute,  cold  sulphuric  acid  does 
hot  react  with  mercury;  but  when  the  concentrated  acid 
is  boiled  on  the  metal,  the  phenomena  are  analogous  to 
Ifaose  which  ensue  in  the  case  of  nitric  acid.  One  portion 
of  the  acid  yields  oxygen  to  the  metal;  another  combines 
with  the  oxide  thus  created. 

As  in  the  case  of  nitric  acid,  we  may  have  the  oxybase 
of  mercury  in  the  state  of  bioxidc,  or  of  protoxide,  ac- 
cordingly as  the  acid  or  the  metal  is  in  excess,  or  as  the 
time  allowed  for  oxidizement  is  greater  or  less. 

Each  oxide  of  mercury  forms  three  salts  with  nitric 
acid.  When  washed  with  hot  water,  the  bisulpliate  of 
the  bioxide  yields  a  yellow  compound  known  under  the 
name  of  lurpeth  mineraL  It  is  a  subsulphate,  consisting 
of  four  atoms  of  oxide  and  tliree  of  acid. 

Although  in  the  metallic  state,  mercury  has  generally 
^  no  reaction  with  acids;  yet  in  the  state  of  an  oxide,  it  is 

*  DO  doubt  liable  to  be  combined  with  anyoftliem.     About 

*  one  hundred  mercurial  salts  are  mentioned  in  Thomson's 

*  Inorganic  Chemistry.     With  these  compounds,  without  a 

*  special  motive,  it  would  be  worse  than  useless  for  a  niedi- 

■  cal  student  to  burthen  his  memory.     But  it  is  fortunate 

*  that,  in  this  branch  of  our  knowledge,  we  are  aided  by 
^  analogy,  and  that  we  are  enabled,  when  we  hear  of  an 
kfixacid,  to  infer  that  the  formation  of  a  corresponding 
Hpalt  with  each  oxide  of  mercury  is  possible.  Moreover, 
^Riereeably  to  tlie  received  principles  of  chemical  nomen- 
^^Ciature,  we  are  enabled  to  assign  to  the  compound  thus 

■  imagined,  a  name  which  would  be  recognised  by  another 

■  chemist. 

tin  the  metallic  state,  mercury  has  no  reaction  with 
acids,  having  hydrogen  for  their  radical,  called  hydracids* 
by  some  chemists.  Yet,  excepting  in  the  case  of  the 
earths  proper,  it  may  be  assumed  that,  when  any  metallic 

■  oxide  is  presented  to  any  of  the  hydracids,  water  will  be 
formed  by  the  oxygen  of  the  one,  and  the  hydrogen  of  the 

eorelie  views  which  tod  to  the  employment 

:nt  nume  for  acide  of  which  hydrogen  u  the 

aiiuiy  uH  iL.    ii  IB  onlj  OD  tha  ume  plen  that  ths  relsDtion 

m  be  juitilied  by  thoae  who  do  net  coander  it  ■■  —  — ■->:=-: — 
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Other;  while  the  metal  and  basacigen  body  will  unite  and, 
in  a  majority  of  instances,  the  metal  will  acquire  the  same 
number  of  atoms  of  the  basacigen  body,  as  it  relinquishes 
of  oxygen. 

It  follows,  of  course,  that  on  subjecting  a  mercurial 
oside  to  chiorohydric,  bromohydric,  iodohydric,  fluohy- 
dric,  cyanhydric,  sulphydric,  selenhydric,  or  telluliydnc 
acid,  a  chloride,  bromide,  iodide,  fluoride,  cyanide,  sul- 
phide, selenide,  or  toUurido,  will  generally,  if  not  univer- 
sally,  result. 

Of  the  Chlorides  of  Mercury. 

When  a  solution  of  chloride  of  sodium,  and  of  nitrate  of 
the  protoxide  of  mercury  are  mingled,  the  oxygen  of  the 
oxide,  and  chlorine  of  the  chloride  exchange  places;  so 
that  protochloride  of  mercury  (calomel)  precipitates,  while 
the  oxygen  and  sodium  uniting,  remain  m  solution,  and  io 
union  with  the  nitric  acid. 

If  the  solution  of  chloride  of  sodium  be  added  to  a  so- 
lution of  the  nitrate  of  the  bioxide,  the  two  atoms  of  oxy- 
gen  in  this  oxide,  will  exchange  places  with  the  chlorine 
in  two  atoms  of  the  chloride;  so  that  the  mercury  wifl, 
for  two  atoms  of  oxygen,  acquire  a  like  number  of  atoms 
of  chlorine,  and  be  thus  converted  into  one  atom  of  bi- 
chloride, or  corrosiYc  sublimate,  which  will  remain  in 
solution,  if  there  be  enough  water  present.  Thus  the  ojOba- 
tity  of  chlorine  transferred,  is  regulated  by  the  quantitt 
of  oxygen  in  the  oxide  employed;  the  protoxide  producing 
the  protochloride.  the  bioxide  the  bichloride. 

The  complex  affinity  which  causes  these  cliangea,  ope- 
rates either  in  the  wet  or  dry  way;  that  is,  whether  the 
substances  be  mixed  in  solution,  or  sublimed  tc^otber. 
The  bisulphate  of  the  bioxide  of  mercury  produces  these 
results,  when  sublimed  with  certain  compounds  of  chlo- 
rine, as  chloride  of  sodium  for  instance.  Corrosive  sub- 
limate is  thus  procured;  and,  by  trituration  witli  mercury, 
a  second  sublimation,  and  washing  in  boiling  water,  ma; 
be  converted  into  calomel;  or  the  bisulphate,  by  trituratiM 
witli  a  further  portion  of  the  metal,  being  converted  into 
protosulphate,  forms  calomel  directly  by  sublimation  with 
common  salt. 

The  process  for  the  manufacture  of  the  protochloride. 
has  been  improved  by  causing  its  nascent  vapour  to  be 


-    mingled  with  steam,  which,  interposing  between  the  par- 
»   ticlea,  prevents  them  from  adhering  as  they  condense. 
f   They  are  thus  obtained  in  a  slate  of  more  minute  divi- 
sion than  could  be  effected  by  trituration,  and  the  aqueous 

■  particles,  in  condensing,  combine  with  and  remove  any 
I    particles  of  corrosive  subhmate  which  may  be  generated 

■  aimultaneousiy  with  those  of  the  calomel.    Calomel  tlius 
E  prepared,  has  been  distinguished  as  Howard's  hydrosub- 

■  limate. 

Chlorine  does  not  combine  with  mercury  in  the  indirect 
mode  above  mentioned  only.  A  jet  of  chlorine  burns 
spontaneously  in  mercurial  vapour,  forming  a  bichloride. 

The  chlorides  of  mercury  may  likewise  be  obtained  by 
subjecting  the  oxides  to  chlorohydric  acid;  in  which  case 
the  hydrogen  of  the  acid,  and  oxygen  of  the  oxide  form 
water,  while  the  mercury  and  chlorine  unite;  the  protox- 
ide giving  rise  to  the  protochloride,  the  bioxide  to  the  bi- 
chloride, as  already  explained. 

The  processes  for  manufacturing  these  important  com- 
tapounds  of  mercury,  are  very  numerous.  They  have,  how- 
PnTer,  but  one  object — that  of  presenting  chlorine  and  mer- 
■cury  to  each  other  in  due  quantities,  and  intimately  min- 
gled. When  the  chlorine  is  in  excess,  corrosive  subli- 
mate is  formed;  when  the  metal  predominates,  calomel. 
_  Tlie  protochloride  is  white  and  crystalline,  but  usually 
kpiore  compact  than  corrosive  sublimate.  It  is  tasteless, 
^BB^^orous,  and    unalterable  by  exposure  to  the   atmos- 

■  i|Aere  if  protected  from  light;  but  by  this  it  is  blackened, 
and  partially  reduced  to  the  metallic  state.  It  is  blackened 
by  alkaline  solutions,  by  the  generation  of  protoxide;  and 
when  the  surface  is  removed,  it  appears  yellow,  so  that  a 

^(■cratch  made  with  the  nail,  is  productive  of  a  yellow  streak. 
^nt  is  less  volatile  than  the  bichloride.     This  chloride  acts 

■  as  a  base. 

I  The  bichloride  or  corrosive  sublimate  is  white,  more  or 
Klesa  crystalline,  and  transparent.  It  is  soluble  in  about 
K  twenty  parts  of  cold  water,  but  more  so  in  hot  water, 
whence  crystals  are  obtained  by  refrigeration.  It  dis- 
solves in  two  parts  of  alcohol,  and  in  three  parts  of  ether, 
by  weight.  It  is  not  soluble  either  in  sulphuric  or  nitric 
acid.  On  the  application  of  heat,  it  sublimes  unchanged. 
When  added  to  an  alkaline  solution  in  excess,  a  yeflow 
hydrated  bioxide  of  mercury  precipitates.    The  propor- 
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tions  being  reversed,  as  when  an  alkaline  solution  is 
dropped  into  tiie  solution  of  this  chloride,  a  compound  of 
the  bioxide  and  bichloride  is  precipitated,  which  is  of  a 
brick-red  colour.  Berzeliua  designates  this  compound  as 
the  chlortire  mercurigue  basique,  wliile  Thenard  gives  it 
the  name  of  fnoxido-cklorure.  The  latter  appellatiMi, 
changed  to  oxychloride,  in  order  to  render  it  consistent 
with  the  nomenclature  adopted  in  this  work,  and  more 
easy  to  pronounce,  I  shall  employ  for  this,  and  for  analo- 
gous compounds  formed  with  other  metals.* 

Ammonia  throws  down  from  a  solution  of  the  bichkf- 
ride,  a  compound  called  ammoniated  mercury  in  the 
United  States  Pharmacopoeia,  but  more  generally  known 
as  hydrargyrum  prccipitatum  album,  or  white  precipitate. 
This  is  now  considered  by  Thenard  as  a  compound  of  am- 
monia with  the  bioxide  and  bichloride  of  mercury.  Pe^ 
haps  it  may  be  well  designated  as  an  ammoniacal  oxychlo- 
ride. 

The  bichloride  of  mercury  has  a  most  nauseous  metal- 
lic taste,  and  is  a  virulent  poison.  The  best  antidote  for 
it  is  albumen,  which  may  be  given  in  the  form  of  the  white 
of  eggs,  diluted  with  water.  This  chloride,  acting  as  an 
acid,  combines  with  the  chlorides  of  ammonium,  potas- 
sium, sodium,  barium,  and  magnesium.  As  a  base  it  com- 
bines with  chlorohydric  acid,  forming  a  crystalline  com- 
pound, which  eflloresces  and  is  decomposed  when  exposed 
to  the  air. 

The  salt,  long  known  under  the  antiquated  appellation 
of  sal  alembroth,  and  formed  by  mixing  solutions  of  sal  am- 
moniac and  corrosive  sublimate,  is  now  by  IJerzelius  con- 
sidered as  a  double  salt,  and  by  Bonsdorf,  a  chlorohydrar 
gyrate.  This  last  mentioned  name  accords  with  the  de- 
finition of  acidity  and  basidityt  which  1  have  proposed. 

*  This  campound  probably  rurnUhea  one  among  miDj  other  inst&nce*,  in  irhicb 
m  fllecUo-poBilive  compouod  of  oao  biuacigen  bod;,  unites  with  on  eleclro-neft- 
live  cotnpoand  of  inolher. 

tl  might  indued  be  sllegGd,  thst  in  this  cnae  Iho  mnlol  Kcts  the  part  ofa  biu»oi|M 
body,  agreeably  to  my  definition  (see  page  252);  as  it  enters  into  two  coinpanD>!>i 
ono  electroncBativo,  the  other  electro- positive,  which  form  a  tertium  qoid.  "Hi 
TIDW  of  the  eubject  corToboiates  the  lamark,  wiiich  1  huve  elaewhore  made,  tbat «» 
lure  bu  not  lilted  her  bodien  for  diitincl  clsuification  ;  und  that  cunaDqnently  then 
will  be  cases,  in  which  some  of  the  bo<iIea  associated  in  one  clus,  will  appear  to  b*- 
long  to  another. 

t  I  believe  that  this  word  is  anauthoriied,  but  as  among  chemiats  there  ii  hl—, 
■a  mach  occaiion  for  it,  aa  for  ila  well  known  ciATelative,  adility;  and  as  any  teidsf 
who  nnderalands  the  one,  cannot  fait  to  interpret  the  other,  1  hope  tbatthu  ii  ~~ 
tion  will  be  deemed  jugtiGable. 
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Of  the  Bromide*,  lodidet,  Fluoridet,  and  Cyamdtt  of  Mercury, 

As  reapecia  the  means  of  iheir  produclion,  the  ratio  of  their  constituenl 
iloms,  and  their  qualities  in  general,  there  is  the  greatest  analogy  between 
^  compounds  formed  by  mercury  with  the  halogcD  class.  Hence,  Imv- 
ng  treated  particularly  of  the  chlorides,  I  shall  treat  with  the  utmost  bre- 
riW  of  the  compounds  named  at  the  head  of  this  article. 

Bromine  forms  two  compounds  with  mercury.  The  prolohromide  is 
irbite,  pulverulent,  and  insoluble.  It  is  obtained  by  the  reaction  of  the 
Mnmide  of  potassium  with  the  nitrate  of  the  protoxide  of  mercury. 

"Fhe  bibrotmde  is  formed  by  subjecting  mercury  to  the  aclion  of  bru- 
ntliae  and  water.  It  is  soluble,  cry  stall  izuble,  fusible,  capable  of  volaliU- 
Eation,  and  colourless.     With  the  alkaline  bromides  it  acts  as  aa  acid. 

The  proiiodide  of  met'cury  is  obtained  by  the  reaction  of  the  iodide  of 
potassium  with  the  nitrate  of  the  protoxide  of  mercury.  It  is  oUve  co- 
loured, insoluble  in  water,  and  corresponds  in  composition  with  the  prot- 
oxide. 

The  hiiodide  may  be  procured  by  adding  the  iodide  of  potassium  to  a 
solution  of  the  bichloride  of  mercury.  A  reciprocal  decornposilioa  lakes 
[riace,  and  the  biiodide  of  mercury  and  the  chloride  of  potassium  are 
Ibnned.  Tlie  biiodide  is  fusible,  volatile,  atid  of  a  traasc«udcDtly  bcau- 
dful  scarlet  colour.  As  an  acid  it  combines  with  the  iodides  of  many  of 
the  earths  and  alkalies,  and  with  the  iodides  of  ^nc  and  iron.  As  a  base 
il  unites  with  lodohydric  acid.  It  consists  of  one  atom  of  mercury,  com- 
tnned  with  two  atoms  of  iodine. 

Another  iodide  exists,  containing  leas  iodine  than  tbe  biiodide,  but  more 
than  the  proiiodide. 

Although  cyanogen  does  not  combine  with  mercury  directly,  a  Ineyan- 
ide  is  obtained  when  the  bioxide  of  this  metal  is  digested  in  water  with 
Prussian  blue.  I  shall  more  fully  expliun  this  process  when  treating  of 
iroD. 

The  employment  of  the  bicyanide  in  the  evolution  of  cyanogen  and  cy- 
anhydric  acid,  has  already  been  mentioned.  The  bicyanide  of  mercury 
ibrms  combinations  with  the  alkaline  cyanides,  in  which  it  plays  the  part 
of  an  acid. 

The  fiuoride  of  mereury  is  obtained  by  the  action  of  fluohydric  acid 
on  the  bioiidc.  it  acts  both  as  an  acid  and  base.  It  is  yellow,  vola- 
tite,  and  when  volatilized  in  platinum  or  glass  vessels,  corrodes  them. 
If  subjected  to  water,  it  is  resolved  into  a  soluble  ^d  an  insoluble  com- 
pound. 

Of  the  Compounds  of  Mercury  with  Sulphur. 
Agreeably  to  the  list  of  equivalents  near  the  beginning 
of  this  article,  mercury  forms  with  sulphur,  a  protosttl- 
phide  and  a  bisulphide.  When  a  weak  solution  of  the 
nitrate  of  the  protoxide  of  mercury  is  impregnated  with 
sulphydric  acid,  the  prolosutphide  is  produced  in  the  form 
of  a  black  precipitate.  It  appears  to  be  an  unimportant 
compound.     The  protosulphide  acts  as  a  sulphobaee.* 


360  INORGANIC  SUBSTANCES. 

The  bisulphide  may  be  generated  by  impregnating  with 
the  same  gas  a  solution  of  the  bichloride.  Thus  ob- 
tained, it  resembles  the  protosulphide  in  assuming  a  black 
colour,  which,  however,  may  be  changed  to  red  by  suUj 
mation. 

The  bisulphide  (artificial  cinnabar)  is  procured  in  the 
large  way,  by  fusing  one  part  of  sulphur,  stirrmg  in  gra- 
dually six  or  seven  of  mercury,  and  subjecting  the  result- 
ing black  mass  to  the  process  of  sublimation  in  close  ves- 
sels. 

Kirchoff  procured  ciimabar  by  a  long  continued  tritu- 
ration of  mercury  and  sulphur  with  a  solution  of  caustic 
potash,  aided  by  a  gentle  heat. 

Bisulphide  of  mercury  is  attacked  neither  by  sulphanc, 
nitric,  nor  chlorohydric  acid,  nor  by  caustic  alkaline  solu- 
tions; but  when  subjected  to  chlorine,  either  in  aqueooi 
solution  as  in  aqua  regia,  or  in  the  gaseous  form,  it  is 
converted  into  bichloride  of  mercury,  and  bichloride  of 
sulphur. 

Berzelius  alleges  that  this  bisulphide  performs  the  part 
of  a  base  in  combining  with  the  aeriform  sulphacids.  h 
also  forms  compounds  with  the  bicMoride,  bibromide,  bi- 
iodide,  and  bifluoride  of  mercury. 

Equal  parts  by  weight  of  mercury  and  sulphur,  tritu- 
rated together,  form  a  black  mass,  called,  from  its  colour, 
Elhiops  mineral,  which  is  now  considered  as  a  mLvture  of 
bisulphide  of  mercury  and  sulphur. 

Of  the  Phoaphuretg  of  Mercury. 

In  its  habitudes  wilh  mercury,  phosphorus  displays  that  analogy  witii 
sulphur  which  is  in  general  so  remarkable.  Ii  forms,  according  lo  Bet- 
zeliua,  a  red  and  a  black  phosphuret.  The  laller  results  from  the  diges- 
tion of  bioxide  of  mercury  with  phosphorus  and  water;  the  former,  froffl 
exposing  phosphorus  to  the  vapours  of  the  bichloride  of  ntercury. 

Of  the  Alloys  of  Mercury  wilA  other  MelaU,  called  Atnalgvmt, 

All  metals  combine  with  mercury,  directly  or  indirectly,  ib  mid- 
pounds  have  the  generic  name  of  amalgams.  In  the  case  of  gold,  «lw, 
zinc,  lead,  tin,  and  bismuth,  the  amalgamation  is  rapidly  effected.  Il  ii 
less  easily  produced  wilh  copper,  unless  when  this  metal  separates  mer- 
cury from  the  acids.     It  is  ditlicull  to  unite  mercury  with  plaiinum,  ud 

mi^rcurial  sulphide;  llie  blunk  dulphlde  being,  in  his  opinion,  a  miitnre  of  tbenl 
wilh  tho  metal,  Senstrom  controverts  this  allegition,  and  ThDnard,  citiii(  t» 
opinions  and  tliat  of  Guiboiirt,  inclincB  in  favoai  of  Uiobd  of  Softstrom.  Tlulld 
alleges  tlial  at  leosl  tho  nrotosuiphide  exists  as  a  hue,  in  combination  willi  MiliibUMi 
■cling  of  courae  ss  aulphocidi,  agreesbly  lo  my  dofinilion,  page  252. 
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llity. 

Mercury  unilea  energetically  with  the  melala  of  Ilie  alkalies.  In  Ihe 
ase  of  sodium,  a  .species  of  combustion  ensues,  !>o  that  the  mass  becomes 
sd-bot;  and  when  sodium  is  thrown  upon  mercury,  it  is  repelled  with  vio- 
ence,  and  with  a  discnga^mcnl  of  light. 

Thu  amalgam  of  potassium  is  an  cflicicut  instrument  in  the  evolution  of 


255.  CcnnbuMion  of  Mcri^ury  with  Chlorine. 


RRiis  espen'menl  may  be  performed  by  means  of  the  npparalus  repro- 
BBted  by  the  following  cut.  Lei  there  bo  a  glass  globe,  furnished  with  a 
eck  and  lubulure,  and  holding  about  two  gallons  of  chtorinc.  Into  ihe 
eck,  let  a  trumpet-shaped  tube,  B,  reaching  to  the  bottom,  be  fBatenecl  air- 
ght  by  means  of  a  cork. 

Let  another  tube,  about  fifteen  inches  in  length,  and  lapertng  towards 
De  end,  so  as  lo  tbrm  a  capillary  orifice,  be  fastened,  at  the  other  cndi 
ilo  the  lateral  lubulurc  of  the  globe.  Provide  a  globular  receiver,  R, 
rith  a  Deck  on  one  side,  and  a  perforation  on  the  other,  opposite  Ihe  nock. 


Let  the  lower  part  of  this  vessel  be  occupied  by  about  a  gill  of  mercury, 
nd  exposed  to  a  chaulTer  of  coals,  so  as  to  fill  the  whole  cavity  of  the 
esse]  with  the  vaporized  metal.  Under  these  circumstances,  introduce 
l>e  pipe,  D,  proceeding  from  the  lateral  lubulute,  into  the  neck  of  ibo  w- 
dver,  so  that  the  capillary  orifice  may  be  near  the  perforation!  and  im. 
lediately  afterwards  pour  chlorohydric  acid  into  the  tube,  B.  This  will 
ubject  the  chlorine  to  pressure  without  absorbing  it,  and  consequently 
ausc  it  to  escape  in  a  jel  from  thu  capillary  orifice  in  the  pipe.  Hence, 
lingling  with  the  vaporized  mercur}-,  it  will  produce  a  feebly  luminous 
lame. 

Imlead  of  using  the  globe  and  its  appendages,  1  have,  in  a  majority  of 
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instances,  employed  a  tubulated  relorl,  with  a  long  narrow  beak,  for  llie 
produclion  of  the  jet  of  chlorine.  The  retort  being  sufHcically  suppled 
with  mimgnneso,  and  a  glass  runnel  with  a  cock  being  fastened  into  ibe 
tubulure,  as  much  chlorohydric  acid  is  allowed  to  enter  through  ibe  Tuo- 
nel,  H8  will  generate  a  sufficient  quantity  of  chlorine  to  produce  a.  jet  ftwa 
(he  capillary  orifice,  in  which  the  beak  of  the  relorl  is  purposely  made  to 
terminate.  The  beak  of  ihe  retort  being  made  to  occupy  the  place  of  the 
tube,  represented  in  the  figure  ns  proceeding  from  the  globe,  the  experi- 
ment is,  in  other  respects,  the  same  as  that  above  described. 

256.  Experimental  Uluslralions. 
Ebullition  and  distillation  of  mercury.  Its  compounds 
with  oxygen  and  sulphur,  exhibited.  Action  of  nitric  acid 
and  of  sulphuric  acid  on  the  metal.  Resulting  salts,  sub- 
jected to  hot  water.  Black  oxide  and  red  oxide,  severally 
dissolved  in  nitric  acid.  Chlorohydric  acid  precipitates 
calomel  from  the  one,  but  occasions  no  precipitate  in  the 
other.  Alkalies  produce  a  black  precipitate  in  the  nitrate 
of  the  black  oxide  or  protoxide,  an  orange  precipitate 
in  the  nitrate  of  the  red  oxide  or  bioxide.  Similar  re- 
sults obtained  by  adding  them  to  calomel  and  corroBive 
sublimate;  the  former  giving  the  black,  the  latter  the  red 
oxide.  Solutions  of  the  different  mercurial  oxides  preci- 
pitated by  iodide  of  potassium.  Inflammation  of  chlo- 
rine with  mercurial  vapour.  Explosion  of  fulminatiog 
mercury. 


OF    COPPER. 

Copper  is  occasionally  found  in  nature  in  the  metallic 
state;  also  in  the  states  of  oxide,  carbonate,  and  sulphide. 
It  is  obtained  principally  from  the  sulphide.  The  sul- 
phur being  acidified  and  volatilized,  and  the  metal  osi- 
dized  by  torrefaction,  the  resulting  oxide  is  decomposed 
by  heat  and  charcoal. 

The  copper  of  commerce  contains,  according  to  Berze- 
lius,  a  minute  portion  of  sulphur  and  carbon.  It  may  be 
purified  by  solution  in  concentrated  and  boiling  chloro- 


ydric  acid,  and  subsequent  precipitation  by  a  bright  plate 
f  iron. 

Properties. — The  lustre  and  [>eculiar  colour  of  this  me- 
il  are  too  well  known  to  need  description.  Excepting 
Itanium,  it  is  the  only  red  metal.  It  is  very  malleable 
nd  ductile,  and  next  to  iron  in  tenacity.  Its  specific 
xavity  is  nearly  9.     It  fuses  at  a  white  heat. 

If  a  current  of  ammoniacal  gas  be  passed  over  copper, 
eated  to  bright  redness  in  a  tube,  the  gas  is  decomposed, 
nd  the  copper  becomes  brittle,  although  its  weight  is  but 
lightly,  if  at  all  increased.  This  change  is  supposed  to 
e  due  to  a  different  aggregation  of  the  particles  of  the 
opper,  induced  by  the  lormation  and  subsequent  decom- 
osjtion  of  a  nitruret  of  copper. 

Alloyed  with  a  small  quantity  of  tin,  copper  forms 
roQze;  with  a  larger  quantity,  bell  metal.  Fused  witli 
inc,  or  subjected  to  the  vapour  of  this  metal,  as  evolved 
rom  calamine  when  heated  with  charcoal,  it  is  converted 
ato  brass. 

The  blade  of  a  knife,  or  any  bright  piece  of  iron  or 
teel,  is  a  test  for  copper  in  solution ;  as  a  film  of  this 
letal  will  be  precipitated  upon  tlie  iron  or  steel,  and  com- 
lunicate  to  it  the  appearance  of  copper.  Ammonia, 
?hen  added  in  excess,  produces  a  blue  colour  in  water 
ontaininga  very  minute  quantity  of  copper,  see  page  136; 
put  I  have  ascertained  that  it  requires  twice  as  much  copv- 
ler  to  produce  a  blue  tinge  with  ammonia,  as  to  produce 
t'ith  the  cyanoferrous  acid  of  the  cyanoferrite  of  potas- 
ium,  the  appropriate  hue  of  the  cyanoferrite  of  copper, 
khich  is  a  peculiar  rich  reddish-brown.  With  this  test  I 
lave  detected  copper  in  the  rain  water,  proceeding  from 
he  spout  of  a  copper  roof. 

Phosphorus  combines  with  copper  in  various  propor- 
ions,  forming  unimportant  compounds.  When  present  . 
n  small  qiinntity,  it  has  an  effect  upon  this  metal  similar 
o  tJiat  which  carbon  has  on  iron,  rendering  the  copper 
lajd  enough  for  cutting  instruments.  Carbon  and  silicon 
H^  combine  witli  copper. 

Brhe  equivalents  of  copper,  and  of  its  compounds  with 
^gen,  chlorine,  and  sulphur,  are  as  follows: — 

i>pper,  .......  32 

ted  or  dioxide,         2  aforna  cop[ier  wiili  1  atom  oxygen,  72 

bck  or  protoxide,  I  atom  1  nlnni  40  ^^J 
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Superoxide,  1  atom  copper  with  2  aloms  oxygen,  48 

Dichloride,  2  aloms     „  I  atom       „  IW 

Protochlorido,  1  atom       „  I  atom       „  88 

Disulphide,  2  aioma     „  I  atom       „  80 

Protosulphide,  1  ntom       „  1  atom       „  49 

Of  Ike  Compotmds  of  Copper  with  Oxygen. 

There  are  three  oxides  of  copper,  a  dioxide,  a  protoxide, 
and  a  superoxide. 

Every  one  is  familiar  with  the  appearance  of  the  dinx- 
ide;  since  it  tonus  the  dull  red  exterior  coating  of  copper, 
as  it  comes  to  us  from  the  manufacturer.  When  this  ox- 
ide is  subjected  to  liquid  chlorohydric  acid,  a  double  de- 
composition ensues,  and  water  and  a  dichloride  of  copper 
are  formed,  the  latter  remaining  in  solution.  Subjected  to 
nitric  acid,  tlie  dioxide  is  converted  into  protoxide  by  ODe 
portion  of  the  acid,  and  dissolved  by  the  other.  By  ig- 
niting the  protoxide  with  metallic  copper,  the  anhydrous 
dioxide  is  produced.  On  mingling  solutions  of  potash  and 
of  the  dichloride,  an  orange-coloured  hydrate  of  the  diox- 
ide precipitates.  It  is  difficult  to  wash  and  dry  this  com- 
pound without  partially  converting  it  into  protoxide. 

The  protoxide  of  copper  is  of  a  brownish-black  colour. 
It  is  formed  upon  sheet  copper,  when  exposed  to  a  bright 
red  heat  with  access  of  air.  To  obtain  it,  however.  The- 
nard  recommends  that  the  nitrate  or  sulphate  be  intenselj 
ignited  in  a  stoneware  retort,  by  which  means  the  acid  is 
volatilized,  and  the  protoxide  remains.  This  oxide  is 
formed  when  copper  is  dissolved  in  nitric  or  sulphuric  acid, 
and  enters  into  combination  with  them,  fonning  a  oitnile, 
or  sulphate. 

Thenard  alleges  that  it  is  soluble  in  ammonia,  otiIj 
when  combined  with  water  or  some  acid ;  and  that  it  ii 
insoluble  in  the  fixed  alkalies,  whether  hydrous  or  anhy- 
drous. 

That  the  fixed  alkalies  promote  its  oxidizement,  is  evi- 
dent ;  since  sheet  copper,  or  brass,  moistened  with  alka- 
line solutions,  always  becomes  green  in  the  air.  I  think 
it  probable,  that  carbonic  acid  co-o[)erate3  in  producing 
this  result. 

The  superoxide  of  copper  is  formed  by  mingling  the  bi- 
oxide  (deutoxidc)  of  hydrogen  with  a  weak  solution  ol 
nitrate  of  copper,  and  adding  just  enough  alkali  to  de- 
compose all  the  nitrate.     These  conditions  being  realized. 
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I  brownish-yellow  gelatinous  mass  subsides,  which,  after 
>eing  washed  upon  a  filter  with  cold  water,  and  dried  in 
he  vacuum  of  an  air  pump  over  sulphuric  acid,  forms  the 
luperoxide.    Tins  oxide  has  no  taste  or  smell. 

The  dioxide  of  copper  acts  feebly  as  a  base,  the  prot- 
ixide  energetically,  and  the  superoxide  plays  the  part 
leither  of  a  base  nor  of  an  acid. 

Nitric  acid  diluted  nearly  to  the  specific  gravity  of  1.2, 
>rotoxidize8  and  dissolves  copper,  producing  a  blue  solu- 
ion,  which  yields,  by  ova[>oration,  elegant  blue  crystals. 
rhe  ignition  which  ensues  when  these  crystals  are  pul- 
rerized,  moistened,  and  rolled  up  in  tinfoil,  has  been  ad- 
luced  as  an  exemplification  of  the  influence  of  water  in 
jromoting  chemical  reaction. 

The  crj'stals  of  nitrate  of  copper  are  of  a  deeper  blue 
;han  tliose  of  the  sulphate,  and  are  dehquescent.  At  a 
noderate  temperature,  these  crystals  fuse,  and  lose  a  part 
if  their  water  of  crystalhzation. 

Sidphuric  acid,  boiled  on  copper,  oxidizes  and  dissolves 
it,  as  nitric  acid  does  without  heat.  The  resulting  com- 
pound forms  the  blue  crystals  of  sulphate,  called  in  com- 
merce blue  vitriol  or  blue  stone. 

A  compomid  is  obtained  by  triturating  sulphate  of  cop- 
per with  carbonate  of  ammonia,  called  cuprum  ammonia' 
turn  (animoiiiated  copper)  in  tlie  Pharmacopceias.  - 

This  contains  the  ammoniacal  sulphate  of  copper,  with' 
some  portion  of  the  carbonate  undecomposed.  It  may  be 
a  mixture  of  ammoniacal  sulphate,  and  ammoniacal  car- 
bonate of  copj)er.  It  is  designated  as  ammoniated  cop- 
per in  the  United  States  Dispensatory;  and  the  authors 
allege  that  there  is  some  obscurity  as  to  the  mode  in 
which  its  ingredients  are  associated.  It  has  been  stated  - 
above,  that  the  protoxide  of  copper  is  not  soluble  in  am- 
monia, unless  when  united  with  water  acting  as  hydric 
acid,  or  with  some  otiier  substance  capable  of  performing 
the  part  of  an  acid,  Berzclius  mentions  that  the  protox- 
ide of  copper  may  be  kept  in  a  bottle  containing  liquid 
ammonia,  without  tinging  it  blue;  but  that  die  mtroduc- 
tion  of  otdy  a  few  drops  of  any  ammoniacal  salt,  the  car- 
bonate for  instance,  causes  the  well  known  striking  blue 
colour  of  cuprum  ammoniatum,  formerly  called  aqua  sajn 
phirina.     He  also  alleges  that  cuprum  ammoniatum  con- 
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tains  the  ingredients  in  snch  proportion,  that  the  alkali 
saturates  t«ice  as  much  acid  as  the  copper. 

Of  the  Compounds  of  the  Oxides  of  Capper  with  Acetic 
Acid. 

The  oxides  of  copper  form  salts  with  ahnost  every  aciJi 
whether  mineral  or  vegetable.  Among  these,  none  an 
better  known  than  ita  combinations  with  acetic  acid,rf 
which  one  is  designated  in  commerce  as  verdigris,  ti» 
other  as  distilled  verdigris,  or  crystals  of  Venus. 

Crude  verdigris  is  a  mixture  of  neutral  acetate  and  Bub- 
acetate  of  copper,  with  some  impurities. 

The  neutral  acetate  crystalhzes  readily,  and  in  tbl 
crystalline  form  lias  received  the  name  of  crystals  of  V(^ 
nus;  Venus  having  been  one  of  the  names  given  to  «^ 
per  by  the  old  chetnists.  ' 

The  subacetate  consists  of  one  atom  of  acid  to  two  01 
protoxide,  while  the  neutral  acetate  consists  of  one  atcs 
of  each  constituent. 

The  salts  of  the  protoxide  of  copper  are  all  of  an  ii 
tensely  blue  or  green  colour.  This  does  not  appear  to  be 
true  in  the  case  of  the  dioxide ;  since,  according  to  B&- 
zelius,  when  verdigris  is  subjected  to  heat,  colourless  crj* 
tals  of  the  acetate  of  the  dioxide  subhme,  so  as  neailf 
to  fill  the  beak  of  the  retort.  Thenard  alleges  that  wba 
the  hydrated  dioxide  is  subjected  to  liquid  ammonia,  a 
colourless  solution  of  it  results. 

Of  lite  Compoundt  of  Copper  with  the  Halogen  Clatt. 

A  chloro hydrate  of  ilie  dichloride  of  copper  acting  as  a  chlorobBr. 
may  be  prepared  by  the  ftctioo  of  chlorohydric  acid  on  a  inixliij 
protoxide  of  copper,  and  finely  divided  metallic  copper.  FromlJ 
hydrate,  the  dichloride  may  be  precipitated  by  water.  It  u 
duced  by  beating  the  protochloride  in  close  vessels,  by  which  I 
the  chlorine  is  expelled.  This  chloride  may  also  be  obtaiiied''B 
protochloride,  by  digestion  in  chlorohydric  acid  with  copper  i ' 
filings.  When  thus  evolved,  it  subsides  in  crystals,  which  can  onlyfl 
dried  in  vacuo  over  sulphuric  acid ;  as  in  the  air  they  are  coaveited  a 
a  comjKiund  of  the  dioxide  with  the  protochloride,  for  which,  as  I  li 
already  stated,  1  shall  adopt  the  name  of  oxychloride. 

The  dichloride  is  soluble,  cryslallizable,  and  fusible  by  heat.  It  o 
sists  of  two  atoms  of  copper,  and  one  of  chlorine. 

The  protochloride  may  be  formed  either  by  the  reaction  of  chlorobjrml 
acid  with  the  protoxide,  or  by  the  combustion  of  coiijier  wire  or  leax-es  il 
chlorine.     It  is  of  a  blueisli-groen  colour,  and  an  astringent  taste.     It  a 
ible,  fusible,  and  decomposable  by  beat.    This  chlori<le  atnadil 
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Msture,  and  is  very  soluble  in  water.  Characters  written  with  a  solu- 
•n  of  it,  remain  invisible  until  heated,  when  they  become  yellow.  It 
nstitutes,  of  course,  a  species  of  sympathetic  ink. 
The  protochloride  acts  as  an  acid  with  the  chlorides  of  potassium  and 
amonium,  and  with  other  chlorobases,  forming  with  them  chlorocuprates. 
No  compound  of  copper  with  bromine  is  mentioned  by  Berzclius  or 
benard.  Those  formed  with  iodine  appear  feeble  and  unimportant.  With 
lorine,  copper  forms  two  compounds,  a  protofluoride,  and  a  perfluoride. 
be  protofluoride  acts  as  a  base,  the  perfluoride  both  as  a  base  and  an 
ad.     Cyanogen  enters  into  combination  with  copper  in  two  difierent 

Cfike  Compounds  of  Copper  with  Sulphur  and  Selenium. 

Copper  forms  with  sulphur,  a  disulphide,  containing  two  atoms  of  metal, 
id  one  of  sulphur,  and  a  protosulphide,  in  which,  as  its  name  implies, 
©  atom  of  copper  is  united  to  one  of  sulphur.  The  former  may  be  pro- 
iced  by  the  fusion  of  the  metal,  or  its  oxide  with  sulphur.  It  is  found 
ire  in  nature,  and  likewise  combined  in  definite  proportions  with  the  sul- 
ides  of  antimony,  arsenic,  bismuth,  and  iron,  in  which  case  the  sulphur 

usually  divided  equally  between  the  metals.  Berzelius  alleges  this 
Iphide  to  be  a  powerful  sulphobase.  Yet,  in  its  combination  with  the 
Iphide  of  iron,  it  cannot  be  supposed  to  act  as  a  base,  as  iron  is  more 
jctro-positive  than  copper.  The  affinity  between  the  last  mentioned 
Iphides  is  so  energetic,  that  the  resulting  sulphocuprate  cannot  be  decom- 
0ed  by  the  united  action  of  carbon  and  a  fixed  alkali. 
The  protosulphide  of  copper  is  formed,  when  a  solution  of  the  metal  is 
ecipitated  by  sulphydric  acid.  This  sulphide  is  alleged  to  act  as  a  sul- 
lobase. 

Copper,  by  fusion  with  various  sulphides  of  the  alkalifiable  metals,  is 
ade  to  unite  with  several  proportions  of  sulphur,  but  the  resulting  com- 
lunds  are  unimportant. 

The  union  of  copper  with  selenium  is  productive  of  heat  and  light ;  in 
hich  respect,  as  in  others,  the  analogy  between  selenium  and  sulphur  is 
istained.  The  resulting  compound  is  a  diselenide.  It  is  found  in  na- 
re,  but  does  not  appear  to  have  any  striking  qualities.     A  protoselenide 

fonoed  when  copper  is  precipitated  by  selenhydric  acid. 

257.  Experimental  Illustrations. 

Solution  of  copper  in  nitric  acid,  and  its  precipitation 
y  iron.  Effect  of  ammonia  on  a  solution  of  copper ;  also 
f  cyanoferrite  of  potassium.  Crystals  of  the  sulphate, 
itrate,  acetate,  and  subacetate,  exhibited ;  also  solutions. 
Exhibition  of  the  protoxide,  and  of  copper  sheets  dioxi- 
ized  as  usual. 
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SECTION  VI. 
OF  LEAD. 

Lead  is  found  in  nature,  in  union  with  sulphur  and  ftith 
oxygen,  and  hkewise  united,  in  the  state  of  an  oxybase, 
severally  with  ctiroinic,  sulphuric,  phosphoric,  molybdic, 
carbonic,  and  arsenic  acids. 

Lead  is  procured  chiefly  from  the  native  sulphide,  knovn 
among  miners  and  mineralogists  under  tlie  name  of  galena, 
which  is  the  most  abundant  and  prohfic  of  its  ores.  The 
metal  is  liberated  from  galena  by  exposing  it  to  the  flame 
of  a  reverberatory  furnace,  wluch,  oxidizing  and  expelling 
the  sulphur,  liberates  the  lead  from  combiuatioii  with  il, 
partially  in  the  state  of  oxide,  principally  in  the  metallic 
state.  The  protoxide  of  tliis  metal  in  a  seinivitrified  state, 
called  litharge,  is  largely  obtained  in  the  process  of  cupel- 
lation,  already  described  as  the  means  of  procuring  eilTer 
from  argentiferous  galena,  or  from  alloys  in  which  il  exisis 
in  union  with  more  oxidizable  metals. 

From  any  of  its  oxides,  the  metal  is  easily  obtained  1^ 
heat  and  charcoal. 

In  the  small  way,  a  great  majority  of  its  combinations 
will  yield  a  metallic  globule,  by  exposure,  on  charcoal, 
to  the  deoxidizing  or  carbonaceous  flame  of  the  blow- 

Properties. — The  colour,  lustre,  and  malleability  of  lead 
are  well  known.  It  fuses  at  about  600°  F.  Its  specific 
gravity  is  n.352.  In  large  masses  it  is  pre-emiaenlly 
ductile,  as  it  may  be  drawn  into  pipes  of  four  inches  bore: 
but  it  is  too  deficient  in  tenacity  to  be  drawn  into  fine 
wire.  It  is  very  usefiil  to  chemists,  being  employed  to 
construct  the  chaml>ers  and  vessels,  used  in  the  manufac- 
ture of  sulphuric  acid  and  chlorine.  Lead  combines  with 
carbon,  silicon,  and  phosphorus. 

Of  the  Compounds  of  Leadmith  Oxygen- 
The  following  are  the  only  known  compounds  of  leid 
with  oxygen. 

Dioxide,  or  dross,  probably  2  atoms  lead,  208 

1  atom  oxygen,  8 


1  atom  lead, 
1  atom  oxygen, 


104 

8 


1  atom  lead, 

2  atoms  oxygen, 


Red  oxide  or  minium,  3  atoms  lead, 

4  atoms  oxygen, 


312 
32 


The  protoxide  of  lead,  as  we  find  it  in  the  shops  under 
the  appellation  of  litharge,  is  of  a  yellow  colour  when  in 
mass,  but  reddish  yellow  when  pulverized.  In  the  pulve- 
rulent form  it  is  known  in  commerce  by  the  name  o!  mas- 
sicot. It  appears  to  be  soluble  in  pure  water,  but  is  ren- 
dered insoluble  by  the  presence  of  the  smallest  quantity 
of  chloride  of  sodmm  or  of  any  earthy  matter.  The  prot- 
oxide of  lead  plays  the  part  both  of  an  acid  and  a  base. 
In  the  latter  capacity,  it  imites  with  the  more  [Miwerful 
acids;  in  the  former,  with  the  earths  and  alkalies. 

When  the  protoxide  of  lead  is  powdered  and  heated 
nearly  to  redness,  and  then  sufTered  to  cool  slowly,  it  is 
converted  into  a  substance  called  minium  or  red  lend,  which 
is  largely  consumed  as  one  of  the  materials  of  flint  glass. 
Formerly  minium  was  considered  as  a  distinct  oxide,  and 
to  this  view  of  its  composition  Berzelius  inchnes.  The- 
nard  alleges,  upon  the  authority  of  experiments  made  by 
Dumas,  that  it  consists  of  three  atoms  of  lead  united  to  • 
four  of  oxj'gcn,  and  infers  that  it  is  a  compound  of  one 
atom  of  the  bioxide,  and  two  of  the  protoxide. 

When  minium  is  exposed  to  a  red  heat,  it  evolves  oxy- 
gen, and  is  converted  mto  the  protoxide. 

The  bioxide  of  lead  is  obtained  by  the  action  of  nitric 

acid  on  minium.    One  pprtion  of  the  minium  is  decom- 

,    posed,  and  yields  its  oxygen  to  another  portion,  forming 

mlbe   bioxide.     At  the  close  of  the  operation,  a  bioxide, 

Bmd  a  nitrate  of  tlie  protoxide  arc  obtained. 

"■     The  bioxide  is  of  a  flea  colour,  and  is  convertible  by 

heat,  first  into  minium,  and  then  into  protoxide.     When 

triturated  with  sulphur,  inflammation  cusues.    According 
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to  Tlienard,  this  oxide  never  acts  as  a  base,  and  but  eel* 
dom  as  an  acid. 

Berzelius  alleges  that  the  gray  pellicle  or  dross,  which 
forms  on  the  surface  of  lead  when  exposed  to  the  air,  and 
which  accumulates  in  greater  quantities  when  the  metal 
is  heated,  is  a  dioxide  of  lead.  He  also  states  that  this 
oxide  may  be  obtained  by  the  decomposition  of  oxalate  of 
lead  by  heat.  Some  recent  experinieuts  of  Mr.  Boussin- 
gault  tend  to  confirm  this  opinion. 

The  habitudes  of  lead  with  nitric,  sulphuric,  and  chlo 
rohydric  acid,  are  so  analogous  to  those  of  mercury  with 
tlie  same  acids,  that  1  do  not  deem  it  necessary  to  do 
more  than  point  out  the  analogy;  at  the  same  time  mea- 
tioning  that,  in  the  case  of  lead,  no  compounds  are  formed 
by  oxacids  with  any  oxide  besides  the  protoxide;  and  that 
the  resulting  compounds  have  an  insolubihty  more  marked 
and  invariable.  Excepting  the  acetate  and  nitrate,  then 
is  scarcely  an  important  compound  formed  by  an  add 
with  tijis  metal,  which  is  soluble  in  water;  and  conse- 
quently there  are  no  important  soluble  salts  besides  those 
formed  with  acetic  and  nitric  acid,  which  do  not,  by  com- 
plex affinity,  precipitate  lead  from  its  solutions. 

Of  the  Compounds  of  the  Protoxide  of  Lead  with  Aceiic 
Acid. 

Lead  is  oxidized  and  dissolved  by  acetic  acid,  and  forms 
the  acetate,  called  in  commerce  sugar  of  lead. 

This  name  was  given  to  the  acetate  of  lead  in  conse- 
quence of  its  taste,  which  is  sweet  and  astringent.  It  is 
crystallizable,  soluble  in  water,  and  decomposable  bf 
heat. 

The  acetate  of  lead,  consisting  of  one  atom  of  oxide, 
and  one  atom  of  acetic  acid,  by  digestion  with  the  prot- 
oxide, whether  in  the  form  of  htharge  or  of  massicot,  may 
take  either  one  or  two  additional  atoms  of  oxide,  forming 
a  diaceiate  consisting  of  two  atoms  of  oxide  and  one  of 
acid,  or  a  trisacetate,  consisting  of  three  atoms  of  oxide 
.and  one  of  acid. 

By  boiling  a  solution  of  the  acetate  upon  an  excess  of 
the  protoxide,  a  hexacetaie  may  be  obtained,  consisting  of 
six  atoms  of  oxide  and  one  of  acid.  This  compound  may 
be  produced  also,  by  decomposing  the  acetate  by  an  ej- 


cess  of  ammoilia.    It  forms,  when  dried,  a  white  powder, 
slightly  soluble  in  boiling,  but  insoluble  in  cold  water. 

Goulard's  extract,  of  which  one  jlmdrachm,  agreeably 
to  the  U.  S.  Pharmacopceia,  is  to  be  added  to  a  pint  of 
distilled  water  to  make  lead-water,  is  usuaUy  considered 
as  a  diacetate,  and  called  the  subacetate;  but  from  the 
formula,  it  must  be  evident  that  it  may  contain  enough 
oxide  to  make  it  partially,  if  not  wholly,  a  trisacetate. 

It  appears  to  me  that  medical  practitioners,  if  not  ig- 
norant of  llie  difference  which  exists  in  composition  be- 
tween these  acetates,  are  too  inattentive  to  the  possible 
diversity  of  their  effects. 

When  an  acetate,  containing  more  than  the  proportion 
■of  one  atom  of  oxide  to  one  of  acid,  is  brought  into  con- 
tact with  carbonic  acid  gas,  a  precipitate  ensues  of  car- 
bonate of  lead.  Hence  lead-water  may  be  used  as  a  test 
for  carbonic  acid,  producing  results  on  breathing  into  it, 
or  upon  adding  it  to  a  solution  of  any  carbonate,  analo- 
;oii9  to  those  produced  by  lime-water  under  like  circum- 
ices. 

Of  Carbonate  of  Lead. 

When  exposed  to  the  fumes  of  vinegar,  which  consist 
of  acetic  acid  and  carbonic  acid  gas,  lead  is  oxidized  by 
the  acetic  acid,  and  combines  with  the  carbonic  acid, 
forming  ceruse,  or  the  white  lead  of  commerce. 

According  to  Thenard,  the  best  process  for  obtaining 
the  carbonate  of  lead,  is  to  pass  carbonic  acid  through  a 
solution  of  the  diacetate.  Half  the  lead  is  precipitated  in 
the  state  of  carbonate,  and  the  remainder  continues  in 
solution  as  an  acetate.  The  solution  of  acetate  is  re- 
duced to  a  diacetate  by  boiling  it  with  oxide  of  lead,  and 
subjected  to  carbonic  acid  as  before.  In  this  way  car- 
bonate of  lead  of  the  best  quahty  is  procured  without 
losing  any  of  the  acetic  acid.  Carbonate  of  lead  is  found 
in  nature. 

Of  the  Compounds  of  head  with  the  Halogen  Class. 

The  analogy  between  the  habitudes  of  lead  and  mer- 
cury with  acids,  alluded  to  above,  is  not  greater  than 
that  which  exists  between  their  habitudes  with  the  halo- 
gen bodies.  Analogous  reciprocal  decompositions  ensue, 
whether  solutions  of  the  soluble  oxysalts  of  lead  or  i 
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cury  be  mingled  with  solutions  of  chlorides,  bromidea, 
iodides,  fluorides,  or  cyanides  of  the  alkalifiable  metals. 

The  chloride  of  le^id  is  while,  crystallizable,  soluble  in 
thirty  tiniea  its  weight  of  water,  and  has  a  sweet  and  as- 
tringent  taste.  Wlieu  exposed  to  a  red  heat  it  melts,  and 
forma  a  mass  formerly  called  plumbum  conteum,  from  its 
resemblance  to  liorn.  If  the  heat  be  pushed  to  rednesa, 
and  the  access  of  air  be  permitted,  the  cliloride  is  pai^ 
tially  volatilizect;  and  the  remainder  is  found  to  consist  of 
ojdde  and  chloride,  or,  in  otlier  words,  to  constitute  one 
of  those  compounds  called  by  Thenard  oxido-chloruret^- 
and  which  I -call  oxyrhlorides.*  Several  other  oxychlo> 
rides  exist,  containing  the  oxide  of  lead,  united  to  thq 
chloride  in  various  proportions.  One  of  these  is  tbttui 
native  in  England. 

The  bromide,  iodide,  fluoride,  and  cyanide  of  lead, 
which  may,  as  aboveinentioned,  be  generated  by  meanj 
analogous  to  those  by  which  the  chloride  is  obtained,  aw 
of  too  little  practical  importance  to  make  it  expedient  to 
notice  them  particularly. 

The  fluoride  acts  as  a  fluobase,  the  cyanide  as  a  cyano- 
base.  The  former  combines  with  the  fluacids  of  boroa 
and  silicon,  the  latter  with  cyanoferrous  acid. 

Of  the  Compounds  of  Lead  leiih  SvljAur  and  Selenitan. 

Sulphur  forms  three  compouods  wjih  lead,  a  disulphide,  a  protosulphtdt^ 
Bud  a  persulpbide.  Of  these,  the  only  compound  which  1  deem  jl  proper 
to  notice,  is  the  prolosulphide,  which  has  already  been  adverted  to  os  the 
principal  ore  of  lead,  called  galena.  This  sulphide  may  be  TornKtl  ad- 
ficially  by  healing  lead  and  sulphur  together.  The  protosulpliide  of  lesl 
is  tasteless,  inodorous,  indecomposable  by  beat,  and  leas  fusible  t)an  leuL 
It  acts  as  a  sulphobase,  and  is  composed  of  one  atom  of  lead,  united  to 
atom  of  sulphur. 

The  selenide  of  lead  may  be  procured  by  exposing  lead,  tniogled  > 
selenium,  to  heat.     When  thus  obtained  it  is  gray,  but  by  friction  it  be- 
comes polished  and  white  like  silver.     It  is  found  in  nature. 

258.  Experimental  Illuslralions. 
Solution  of  lead  in  nitric  acid.     Its  solutions  precipi- 
tated by  sulphates,  chlorides,  phospliates,  and  chromates. 
Also  by  sulphydric  acid.     Precipitation  of  carbonate  of 

*  I  adapled  Lhis  name  without  knowing  [liat  it  hnri  been  emploved  by  Ather 
te,  u  1  havo  flincG  learDod,     This  coiiicidonce  of  opinion  withoiil  coiuiuUaliiL 
'  I  to  gliow  Ilie  infiuence  of  llie  priaciploB  uf  nomenct&ture  in  producina  in  dif^ 
like  TGBults. 
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lead  from  the  subacetate  by  the  carbonic  acid  of  the 
Ixreath.    Galena  decomposed  by  the  blowpipe  flame. 


SECTION  VII. 
OF  TIN. 

• 

This  metal  is  fomid  in  the  state  of  oxide,  and  in  that 
of  sulphide.  The  sulphide  is  rare,  and  contains  much 
;JlMopper.  The  ore  of  tm,  which  is  the  principal  source  of 
"j^ifiie  metal,  is  the  bioxide  which  is  reduced  by  heat  and 
charcoal.  Tin  is  sold  in  commerce  under  the  name  of 
Hock  tin^  to  distinguish  it  from  tinned  iron  plates,  vulgarly 
called  tin. 

Properties. — The  colour  and  lustre  of  tin  may  be  seen  in 
"Utensils  newly  made  of  tinned  iron.  It  is  very  malleable 
and  ductile;  tin  foil  being  only  -n^th  of  an  inch  thick. 
Tin  tarnishes  slightly  by  exposure  to  the  air.  Its  specific 
gravity  is  7.9^.  It  melts  at  442°  F.  It  is  distinguished 
by  producing  a  peculiar  crackling  noise,  when  its  ingots 
are  bent  to  and  fro. 


The  equivalents  of  tin,  and  of  its  compounds  with  oxygen,  chlorine,  and 
sulphur,  are  as  follows : — 

Tin 69 

atom  metal,  1  oxygen,  67 

2       „  75 

1  chlorine,  95 


Protoxide 

Bioxide 

Protochloride 

Bichloride 

Protosulphide 

Bisulphide 


2       „  131 

1  sulphur,  75 

2  „  91 


Of  the  Compound*  of  Tin  with  Oxygen, 

The  protoxide  of  tin,  consisting  of  one  atom  of  metal  and  one  of  oxy- 
gen, may  he  procured  hy  adding  potash  to  the  protochloride.  A  recipro- 
cal decomposition  takes  place  between  the  oxide  of  potassium  and  proto- 
chloride of  tin,  which  results  in  the  formation  of  the  chloride  of  potassium, 
and  protoxide  of  tin.  The  former  remains  in  solution,  and  the  latter  pre- 
cipitates in  the  state  of  a  white  hydrate.  From  this  hydrate  the  water 
may  be  expelled  by  heat ;  and  a  grayish-black  anhydrous  protoxide  is  thus 
obtained,  which  is  liable,  by  contact  with  an  ignited  body,  to  take  fire,  and 
consequently  to  be  converted  into  the  bioxide.  The  hydrate  is  likewise 
combustible,  though  in  a  less  degree. 

The  hydrated  bioxide  of  tin  may  be  speedily  obtained  by  the 
tin  foil  or  tin  powder  with  concentrated  nitric  acid,  which  ir 


?: 
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with  great  violence,  bioxidizing  [he  metal  without  dissolving  it.  Tfcis 
ide  may  be  obtaioed  in  the  same  hydrated  stale,  by  precipilation  from 
bichloride  by  an  alkali.  The  hydrates  thus  oblaioed,  though  in  compti 
lion  the  eatne,  are  different  in  properties.  Both  are  soluble  in  alkil^ 
hul  only  the  latter  is  soluble  in  acic^.  This  diversity  continues  even  tig 
they  a[«  severally  dissolved  by  alkaline  solutions,  and  subsequently  pn 
cipitated  by  acids.  These  hydrated  bioxides  of  tin  are,  therefore,  concent 
to  present  a  case  of  isomerism.   (See  page  268.) 

We  may  convert  the  bioxide,  as  obtained  by  means  of  nitric  acid, 
the  other  modilication,  by  iirsl  changing  it  into  a  chloride,  and  tbeo  pt 
dpitating  it  by  potash. 

According  to  Thenard,  iftho  precipitated  bioxidc  be  subjected  to  hea[,ii 
becomes  insoluble  in  acids. 

An  anhydrous  bioxide  of  tin  may  be  obtained  by  subjecting  do  Uik 
tense  heat  in  contact  with  air.     It  is  white,  infusible,  and  i    '  '' 

ble  by  heaL     It  reddens  moistened  litmus  paper  when  placed 
oxide  is  frequently  found  crystallized  in  nature.     It  is  employed  in 
arts  for  the  manufacture  of  enamel,  and,  under  ihe  name  of  putty, ' 
ing  glass,  and  in  making  a  paste  for  hones.     The  bioxide  of  tin  i 
as  an  oxacid  and  an  oxybase,  combining,  under  favourable 
with  either  acids  or  alkalies. 

Concentrated  sulphuric  acid,  when  cold,  has  no  action  on  tin,  butvi^l 
the  assistance  of  heat  dissolves  it,  disengaging  sulphurous  acid  gas, 
Ibrming  a  sulphate  of  the  protoxide  or  bioxide. 

The  addition  of  concentrated  nitric  acid  to  powdered  tin,  is  followed  1i{| 
a  rise  of  temperature,  a  decomposition  of  the  acid,  the  evolution  of  '" 
gen  nearly  pure,  and  the  formation  of  the  bioxide  of  tin.  If  the  nitrii 
be  diluted  so  as  to  have  a  specific  gravity  of  1.114,  and  the  tempei 
be  prevented  from  rising  by  cold  water,  or  other  refrigerating  appUcat 
no  gas  is  disengaged;  since,  water  being  decomposed  simultaneously 
a  portion  of  the  acid,  the  nitrogen  and  hydrogen  which  are  thus  liberatedi' 
unite  to  form  ammonia.  This  combines  with  part  of  the  nitric  acid;  « 
that  at  Ihe  close  of  the  operation  we  obtain  nitrate  of  ammonia,  ming^ 
with  the  nitrate  of  the  protoxide  of  tin. 

Of  the  Compoundt  qf  Tin  with  the  Halogen  Cla»s, 

A  crystalline  hydrate  of  the  prolochloride  of  tin,  may  be  obtained  bf 
subjecting  the  mclal,  in  a  divided  stale,  to  the  action  of  chlorohjdric  acid,  i 
and  then  crystallizing  the  resulting  solution  by  evaporation.  The  prolD- 
chloride  may  be  procured  in  an  anhydrous  state,  either  by  subjecting  ihii 
hydrate  to  a  temperature  sufficiently  high  to  drive  off  the  water,  or  by  ei-  ' 
posing  a  mixture  of  the  bichloride  of  mercury  andmetallic  tin  to  a  red  heU. 
When  exposed,  either  in  the  solid  slate  or  in  that  of  solution,  to  the  aciicn 
of  the  air,  or  of  liquids  containing  oxygen,  the  prolochloride  attracts  Uai 
gas,  and  is  converted  into  an  oxychloride.  (See  note,  page  358.)  It  it 
possible  that  in  this  case  a  portion  of  the  protochloride  is  decomposed,  tin 
chlorine  forming  a  bichloride  with  the  remainder,  and  the  Uberated  tneOl 
iiniluig  with  the  oxygen. 

The  protochloride  of  tin  acis  as  an  acid.     It  is  composed  of  one  atom  o( 
tin,  and  one  of  chlorine. 

The  bichloride  of  tin  maybe  obtained  in  the  anhydrous  state,  bygentlj 
hen''  lixture  of  metallic  tin  with  the  bichloride  of  mercury.     The  ii- 

klcolourless  liquid,  possessing  an  acrid  taste.     It  la  volatile,  >nl 
J 


n  exposed  to  the  air  produces  dense  and  suflbcating  fiimes.     Il  is  Blill 

ionally  called  by  its  aocieni  name  of  the  fuming  liquor  of  Libatiua. 

'  Ihe  addition  of  one-lhird  of  its  weight  of  water,  this  bichloride  forms  a 

crystallizabie  hydrate,  which,  nevertheless,  dissolves  on  the  additbn 

B  sufficient  quantity  of  water. 

'  'ine,  bromine,  and  fluorine  severally  combine  with  dn  in  two  propor- 

The  perfluoride  of  tin  acts  as  a  base. 
"I  ne  cyanides  of  tin  have  never  been  isolated.     Borzclius,  however, 
■fc^Ies,  thai  they  exist  in  combination  with  those  of  iron,  in  which  case  they 
.^^flrxjbably  play  the  part  of  cyanobases. 

t  Of  the  Compounds  of  Tin  with  Sulphur  and  Selenium. 

The  protosulphide  of  tin  is  obtained  by  healing,  in  a  crucible,  three 
rts  of  Uncly  divided  tin,  and  two  of  flowcra  of  sulphur.  This  sulphide 
soUd,  crystnllizable,  indecomposable  by  heat,  less  fusible  than  tin,  and 
~  ■feiUs  as  a  sulphobase.  It  is  composed  of  on  atom  of  tin,  united  to  an  atom 
r  ^W sulphur. 

■^  The  bitttlphide  of  tin  is  obtained  by  exposing  to  heat  in  a  coated  glass 
^^trass,  a  mixture  of  two  parts  of  tin,  one  and  a  half  of  sulphur,  one  of 
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The  bisulphide  of  tin,  generally  known  as  aur 

",  is  of  a  beautiful  golden  yellow.     When  exposed  to  a  red  heal,  it  is 

nposed.     Il  acts  feebly  as  a  sulphobase,  and  powerfully  as  a  sulph- 

This  sulphide,  when  spread  on  the  surface  of  the  cushion  of  elcctri- 

i  machines,  has  been  found  to  increase  their  exciting  power. 
E  According  to  Bcrzelius  there  is  a  third  sulphide,  which  contains  a  quan- 
'~v  of  sulphur,  intermediate  between  those  which  exist  in  the  protosulphide 

id  the  bisulphide. 
L  A  gray  atlcmde  of  tin  may  be  procured  by  gently  healing  finely  divided 
S  with  selenium. 

259.  JExperimenUil  Illustrations- 
Elxhibition  of  tin  and  of  tin  foil;  also  of  the  fuming 
liquor  of  Libavius.  Reaction  of  nitric  acid  or  nitrate  of 
copper  with  tiii  powder.  Solution  of  tin  by  chlorohydric 
acid,  and  effects  of  the  chloride  thus  obtained  on  sotiie 
other  metalhc  solutions.  Decoloration  of  ink  and  Prus- 
sian blue.  Ammonia  evolved  by  a  solution  of  tin  in  dilute 
nitric  acid.    Bisutpliide  exhibited. 

'BamlimnigKeMsthatthe  morcurj  piobibly  icl*  by  bringing  tlia  tin  inloaiUta 
of  more  inliiiuta  mixture  with  llie  lulphur;  uid  ths  nl  animoDiu:,  by  corryinv  off, 
IB  coaMqnenu  of  its  volitilily,  the  heat  which  ii  arolved  during  Iho  uaioa  of  the 

>bDr  with  the  tin,  and  wliich  would  otherwiae  b«  lufficiant  to  decotnpOM  ths 
-i-i-ij-  — j^  il  ilioady  formed. 
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SECTION  VIII. 
OF  BISMUTH. 

This  metai  is  found  iii  nature  iu  the  metallic  er 
usually,  however,  containing  a  Uttie  cobalt  and  ara 
and  sometimes  sulphur.  It  is  also  found  in  tlie  sta 
Bulphide. 

According  to  Cleaveland,  the  only  ore  of  bismuth  v 
is  explored,  is  that  in  which  it  exists  in  the  metallic  e 
From  this  it  is  evolved  by  exposure  to  a  wood  fire,  x 
which  a  hole  is  made  to  receive  the  melted  metal. 

According  to  Berzelius,  the  bismuth  of  commerce 
tains  iron  and  arsenic,  and  perhaps  other  metals, 
order  to  purify  it,  it  should  be  dissolved  in  nitric  acid 
resulting  clear  solution  should  he  mingled  with  wate 
which  a  pure  hydratcd  subnitrate  of  bismuth  is  precipit 
The  precipitate  being  dried,  is  reduced  by  tlie  aid  of  I 
flux  and  a  gentle  heat. 

Properties. — Bismuth  is  brittle,  easily  reduced  to 
der,  and  of  a  silvery  white  colour,  tinged  with  red. 
pre-eminent  for  the  facility  and  regularity  witli  whi 
crystalhzes.  Its  fracture  is  always  crystalline.  Th( 
alleges  that,  when  quite  pure,  its  crystals  are  cubes,  1 
are  so  associated  as  to  form  a  four-sided  inverted  ] 
mid,  in  which  the  faces  resemble  stairs.  Its  specific 
vity  is  9,82.  It  is  usually  considered  as  unmalleable 
TiU'ner  alleges  that  it  may  be  hammered  into  plates 
warm.  Excepting  mercury  and  tin,  it  is  tlie  most  G 
of  the  metals  proper.  Its  fusing  pomt  is  476°.  It  il 
dized  when  kept  in  fusion  in  the  air;  but  not  otliei 
unless  the  air  be  moist,  in  which  case  it  is  tarnished, 
muth  combines  with  phosphorus,  and  probably  in  a  m 
proportion  with  hydrogen.     Its  equivalent  is  71. 

The  action  of  sulphuric  or  nitric  acid  on  biBmu) 
very  similar  to  the  action  of  the  same  acids  on  tin.  1 
acid,  perhaps,  acts  more  violently  on  the  former  t 
than  on  the  latter;  since  the  addition  of  a  small  qiu 
of  concentrated  nitric  acid  to  powdered  bismuth,  O 
the  evolution  of  so  much  heat  as  to  raise  the  temper 
of  the  mass  to  redness.  The  liydrated  subnitrate  ot 
raurh,  obtained  as  abovomcntioned  by  subjecting  th 
trate  to  water,  is  of  a  fine  white  colour,  and  1 


~al!ed  viagistery  of  bismuth.  If  cliloroliydric  acid  be  pre- 
sent in  tne  solution,  the  precipitate  assumes  the  fomi  of 
minute  scales,  of  a  pearly  lustre,  called  pearl  white.  These 
precipitates  have  been  used  as  pigments  to  improve  the 
complexion,  but  are  hable  to  be  rendered  black  by  sul- 
phydric  acid. 

Of  the  Compounds  of  Bismuth  with  Oxygen. 

There  are  two  oxides  of  bismuth;  one  is  a  protoxide, 
consisting  of  one  atom  of  metal,  and  one  of  oxygen;  the 
other  a  scsquioxide,  composed,  consequently,  of  two  atoms 
of  metal,  and  three  of  oxygen. 

The  protoxide  may  be  obtained  by  heating  bismuth 
■with  access  of  atmospheric  oxygen,  or  by  the  calcination 
of  the  nitrate.  When  the  subnitrate  (magistory)  of  bis- 
muth is  subjected  successively  to  a  caustic  alkaline  solu- 
tion, and  to  cold  water,  it  forms  a  white  liydrated  prot- 
oxide of  bismuth.  This  oxide,  when  anhydrous,  is  yel- 
lowish, fusible  at  a  red  heat,  devoid  of  affinity  for  atmos- 
pheric oxygen,  and  easily  reduciblb  when  heated  with 
carbon  or  hydrogen.     It  acts  as  a  base. 

The  scsquioxide  of  bismutli  is  obtained  by  boiling  the 
protoxide  with  a  solution  of  the  chloride  of  potash  or 
soda.*  It  is  of  a  deep  brown  colour,  and,  at  a  tempera- 
ture a  little  below  the  boiling  point  of  mercury,  is  decom- 
posed. The  sesquioxide  of  bismuth  acts  neither  as  a  base 
nor  as  an  acid. 

Of  the  Compounds  of  Bismath  icitk  the  Halogen  Clats. 

Either  directly  or  in<tireclly,  compounds  of  bismuth  may  be  produced 
with  all  the  halogen  bodies. 

In  chlorioe  ihis  metul  lakes  (ire  spontaQeoualy,  forming  a  compound 
which,  from  the  bulyraceous  consialency  assumed  in  melting,  received 
from  the  old  chemists  the  appellation  of  the  butter  qfbiimuth.  This  chio- 
ride  may  also  be  obtained  in  the  anhydroua  state,  by  heating  three  parts 
of  the  bichloride  of  mercury  with  one  of  bismuth.  The  anhydrous  chlo- 
ride is  white,  volatile,  and  deliquescent.  When  subjecled  to  water,  a  white 
inaoluble  oxychloridef  is  formed. 

A  crystalline  hydrate  of  the  chloride  of  bismuth  may  be  formed  by  dis- 
aolving  bismuth  in  aqua  regia,  and  evaporating  the  solution.  The  chlo- 
ride of  bismuth  is  composed  of  one  atom  of  bismuth  and  one  of  chlorine. 

Bromides  of  bismuth  may  be  obtained  by  healing  bismuth  with  bromtDC. 
Iodides  may  be  produced  in  like  manner. 


i 


Thenird.  Tmlt  du  Cliimie,  fiitoe  ed.  ii.  4S4, 

By  ozyehloride  1  mean,  as  alreudy  etated,  a  compoand  conutling  of  &a  oxide 

a  obloiido,  callad  by  Theaud,  ozide-eUorKra,  bjSeneUiu,  oUonire  l^iqite. 
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Fluorine  and  cyanogen  both  combine  with  bismuth*  The  ejuih, 
however^  is  known  only  in  a  state  of  combination. 

Cf  the  Compounds  of  Bi$mtUh  with  Sulphur  and  Selenium* 

Bismuth  forms  a  bisulphide  when  heated  with  sulphur*  At  the  momBUt 
when  the  combiDation  takes  place,  a  great  deal  of  heat  is  evolved.  It  is 
crystallizablc,  less  fusible  than  bismuth,  and  possesses  the  metallic  lustre 
and  a  grayish-yellow  colour. 

When  selenium  is  heated  with  bismuth,  a  crystalline  selenide  is  formed 
of  a  silvery  white  colour. 

260.  Experimental  Illustrations. 

Bismuth  and  its  oxide,  exhibited.  Its  hue  and  habi- 
tudes with  the  blowpipe,  compared  with  those  of  zinc, 
antimony,  and  -arsenic. 


1 . 


SECTION  IX. 
OF  IRON. 

This  metal  is  found  abundantly  in  nature,  principally  in 
union  with  sulphur  or  oxygen. 

Large  masses  of  iron  have  been  observed  to  fall  to  the 
earth  at  different  times,  and  in  various  countries.  Be- 
sides these  metallic  masses,  a  great  number  of  stony  bo- 
dief,  called  meteorolites,  or  aerolites,  have  fallen  in  like 
manner.  In  the  latter,  iron  always  exists  both  in  the 
state  of  protoxide,  and  in  that  of  metallic  globules.  The 
iron  in  these  globules,  and  in  the  masses  abovementioned, 
always  contains  nickel  or  cobalt,  or  both.  Native  metal- 
lic iron  has  also  been  found  in  small  quantities,  but  does 
not  contain  nickel  or  cobalt.  Iron  is  one  of  the  most 
generally  distributed  substances  in  the  creation,  and,  in 
the  state  of  oxide,  probably  the  most  universal  cc^uiing 
matter.  |, 

Four  species  of  ferruginous  minerals  are  very  abtandafit 
in  nature;  magnetic  oxides  and  sulphides^  and  suMddm 
and  oxides  which  are  not  magnetic.  7 

Since  ferruginous  minerals,  if  not  magnetic  in  .tibe.  fifft 
instance,  become  so  by  exposure  to  the  flame  of  ""i^M^Mir- 
'the  magnet  is  a  most  useful  test  for  irasu 
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r  iron  consist  priDcipaily  of  the  sesquioxide,  or  of  a  com- 
pound of  tins  oxide  witli  the  protoxide,  called  the  black  or 
magnetic  oxide.  The  means  of  extricating  iron  from  its 
ores,  will  be  mentioned  in  treating  of  the  compounds  of 
iron  with  carbon,  which  will  on  that  account  be  treated 
of  first. 

Properties. — The  mechanical  properties  of  iron  are  too 
well  known  to  need  description.  It  is  the  most  tenacious 
substance  in  nature,  especially  as  steel,  and  the  hardest 
among  the  malleable  metals.  Its  ductility  is  greater  than 
its  malleability.  Few  metals  are  more  easily  oxidized  by 
ihe  joint  agency  of  air  and  moisture.  It  is  nearly  as  dif- 
ficult to  fuse  as  platinum.     Its  specific  gravity  is  7.788. 

The  equivalents  of  iron,  and  of  its  compounds  with 
oxygen,  chlorine,  and  sulphur,  are  as  follows: — 

Iron 28 

Protoxide,  I  atom  metal,  I  atom  oxygen         36 

Sesquioxide,  i 

or  >  2  atoms    „      3  atoms     „  80 

Red  oxide,     ) 
Magnetic       i 

or  >  3  atoms    „      4  atoms      ,, 

Black  oxide,  5 

Or  1  atom  protoxide  and  1  atom  sesquioxide 
Protochloride,  1  atom  metal,  1  atom  chlorine      64 

Sesquicldoridc,  2  atoms     „      3  atoms      „  164 

Prolosulphide,  1  atom      „      I  atom  sulphur       44 

Sesquisulphide,  2  atoms     „      3  atoms     „  104 

Bisulphide,  1  atom      „      2  atoms    „  60 

RemarJfable  Comhustihility  of  Iron  vhen  minutelg  divided. 
Iron  in  Ihe  pulverulent  form,  in  which  it  is  reduced  from  the  sesquioxide 
by  meana  of  hydrogen,  is  liable  to  become  ignited  by  llic  access  of  atmos- 
pheric oxygen,  even  ailer  il  has  been  completely  rerrigoraled.  Tins  resull 
IS  nwre  likely  to  ensue,  if  a  little  alumina  has  been  previously  mixed  with 
Ihe  oxide;  since  this  prevents  the  union  of  the  particles,  and  thus  keeps 
them  in  that  state  of  minute  division  which  is  favourable  to  the  success  of 
the  experiment.  I  have  founJ  that  the  mass  obtained  from  perfeclly  pure 
Prussian  blue,  will  not  ignite  spontaneously,  though  consisting  of  iron  and 
carbon  in  a  stale  of  minute  division ;  but  the  presence  of  a  small  (juantity 
c^Blumina,  which  enters  into  the  composition  of  Prussian  blue  as  usually 
b  sufficient  to  qualify  it  for  the  ibrmation  of  a,  pyrophortis. 


t 
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O^  the  Compotindi  of  Iron  with  Carbon,  Boron,  Silicon,  and  Phot^ 

When  lerrugiDous  salts,  containing  carboa  as  a  consliluent,  are  espoKii 
to  heat  without  acass  of  air,  the  iron  and  carbon  are  left  iu  a  slate  of 
combination  in  various  proportionB.  Some  of  these  carburets,  that  ftn 
the  oxalate  for  instance,  are  liable  to  take  fire  when  warmed  in  the  air. 

The  process  of  evolving  iron  from  its  ores,  comes  under  the  fourth  CW 
of  affinity,  in  which  one  body  in  excess,  combines  with  two  others  f» 
vioosly  united.  The  carbon  with  which  the  ore  is  ignited,  combines  bo4' 
with  the  oxygen  and  metal,  converting  the  one  into  a  fusible  carburet,  cbU(4i 
cast  iron,  the  other  into  carbonic  acid.  The  proportion  of  carbon  in  ctt 
iron  varies  from  1  part  m  25,  to  1  in  15.  In  commerce,  there  are  Ibit 
varieties  of  cast  u'on;  the  trkite,  the  black,  the  gray,  anil  ihcmoOUL 
In  the  white,  there  is  the  least  carbon,  in  the  black,  the  most ;  and  probii 
biy,  in  the  other  kinds,  less  than  in  the  black,  and  more  than  in  the  wHa 
kind. 

It  should,  however,  be  understood,  that  cast  iron  is  probably  never  a 
pure  carburet.  Usually,  it  contoins  silicon  and  manganese,  and  fretjiKnil; 
magnesium  and  phosphorus.  This  last  mentioned  element  renders  lie 
iron  less  malleable  at  a  high  temperature.  From  cast  iron,  the  maila- 
ble metal  is  extricated  by  exposure  to  heat  and  aJr ;  by  which  carbon,  aad 
silicon  when  present,  are  oxidized;  the  one  being  separated  as  a  silicile 
of  iron  with  the  scoria,  the  other  escaping  as  carbonic  acid. 

In  some  cases,  malleable  iron  is  obtained  directly  from  the  ore,  by  roan 
of  heat  and  charcoal. 

Pure  malleable  iron  is  converted  into  steel,  by  being  healed  in  conlut 
with  charcoal  in  ovens  without  access  of  air.  The  process  is  called  et- 
mentalion.  By  these  means,  iron  acquires  from  j'jih  to  -f {-g^''  °^  '^  weight 
of  carbon.  The  bars  are  blistered  by  the  operation  as  ihcy  are  teea  in 
commerce.  Broken  up  and  welded,  they  form  shear  steel.  Fused,  th^ 
constitute  cost  steel. 

It  would  appear  that  silicon  is  a  frequent,  if  not  a  necessary  ingi«diat 
in  steel.  According  to  Bcrzelius,  the  presence  of  manganese  and  pho- 
[ihorus  is  essential  to  the  formation  of  good  steel.  Damask  steel  ts  a  p» 
culiar  Mpecies,  which  possesses  the  projierty  of  exhibiting  waving  linog  «k 
its  surface,  witcn  acted  on  hy  an  acid.  It  is  alleged  by  Thenard,  tfart 
some  experiments  which  have  recently  been  made,  tend  to  prove  ibnl  ibil 
is  owing  to  the  presence  of  two  carburets  of  iron ;  one  of  which  is  blaak' 
ened  by  the  acid,  while  tlie  other  resists  its  action.  I  think  it  more  prob^ 
ble,  that  the  appearance  in  question  is  owing  to  a  mixture  of  iron  an} 
steel.  It  has,  however,  boon  ascertained  that  a  peculiar  variety  of  tha 
steel  called  wootx,  which  comes  from  India,  contains  aluminium,  and  tnq 
be  imitated  by  the  introduction,  into  steel,  of  a  minute  portion  of  that 

A  silicuret,  and  probably  a  borurel  of  iron,  may  be  obtained  by 
iron  with  a  mixture  of  charcool  and  silicic  or  boric  acid. 

Aphosphurot  of  iron  is  produced,  when  phosphate  of  iron  is  heated 
lampblack.  It  resembles  iron  in  colour,  but  is  brittle,  and  fusible  by 
blowpipe. 


Of  the  Compounds  of  Iron  with  Oxygen. 

Iron  forms  two  oxides,  a  protoxide  and  a  sosquioxide; 
ihe  former  consisting  of  an  atom  of  each  constituent,  the 
alter,  of  two  atoms  of  metal,  and  three  atoms  of  oxygen. 
Both  these  oxides  act  as  bases. 

The  protoxide  is  fonned  during  the  solution  of  the  me- 
tal in  diluted  sulphuric  acid.  The  reaction  which  ensues 
under  these  circumstances,  is  always  attended  by  the  evo- 
lution of  hydrogen,  arising  from  the  decomposition  of  the 
ivater  in  combination  with  the  acid,*  the  oxidation  of 
the  metal,  and  tlic  formation  of  a  sulphate  of  the  protox- 
ide. 

The  protoxide,  in  union  with  the  acid,  forms  a  green 
solution,  which,  by  evaporation,  yields  crystals  of  the 
same  colour,  known  in  pharmacy  as  green  vitriol,  or  sul- 
phate of  iron.  From  a  solution  of  this  salt,  the  protoxide 
nay  be  precipitated  by  an  alkaline  solution  in  the  state  of 
1  white  hydrate.  From  this  hydrate  the  water  cannot  be 
Expelled  either  by  heat  or  desiccation,  without  causing  the 
protoxide  to  acquire  oxygen,  either  from  the  water  in 
union  with  it,  or  from  the  air. 

In  consequence  of  tiiis  avidity  for  oxygen,  solutions  of 
this  oxide  become  gradually  more  or  less  solutions  of  the 
Bcsquioxide;  exchanging  their  grass  green  colour  for  that 
of  red  wine. 

The  protoxide  appears  to  exist  in  chalybeate  springs, 
and,  in  its  nascent  state,  to  be  soluble  in  water;  although 
I  do  not  find  that  other  chemists  are  aware  of  the  fact. 
Its  existence  in  them  is  ascribed  usually  to  the  presence 
of  carbonic  acid ;  but  I  have  observed  it  in  the  water  of 
the  Yellow  Springs,  which  gave  no  precipitate  with  lime- 
water. 

We  have  only  to  make  a  pile  of  silver  coin,  alternated 
with  disks  of  sheet  iron,  in  a  glass  tumbler,  supplied  with 
water,  in  order  to  impart  to  the  latter  the  property  of 
chalylieate  spring  water.  In  the  tumbler,  as  in  those 
springs,  the  red  oxide  will  soon  be  seen  precipitating,  and" 


*  I  infor  tbat  the  atom  or  water,  wliich,  by  a  ui 
rtitates  the  aqueous  ■ulpliuric  tr\6  of  Berzelim 


li)(MM  or«p.  gr.  1.850,  acta  m  sn  oiybase.  So  thai  the  result  may  be  a 
Mchange  otone  radical  roranotlier;  an  atom  of  iron  taking  thojilace 
tiTdniBen.     Agreeably  lo  Ih"  '  "'  .  -     -   -i  -. 

[udod  M  a  (uTphate  or  hydi 


lydidsen.     Agreeably  lo  (hia  view  of  the  aabject,  the  aqiwoni  acid  ahould  b«  f 


I 

M 


1 


I 


382  INORGANIC  BDBSTAKCBa. 

tinging,  with  its  appropriate  hue,  both  the  liquid  and  the 
vessel. 

As  light  promotes  the  further  oxidation  and  consequeni 
precipitation  of  the  iron,  tlie  solution  of  the  protoxide,  by 
the  means  which  I  have  described,  will  be  more  peroii- 
nent  in  an  opake  vessel. 

There  docs  not  appear  to  be  any  mode  in  which  the 
protoxide  of  iron  can  be  isolated. 

The  sesquioxide,  or  peroxide  of  iron,  also  called  tbe 
red  oxide  from  its  colour,  which  is  of  a  dingy  blood-red, 
exists  in  nature  in  great  abundance,  forming,  sometinwa, 
large  beds  or  masses,  at  other  times,  botryoidal,  or  mam- 
millary  concretions. 

Ochres  consist  of  alumina,  mixed  with  the  sesquioiide 
of  iron,  either  uncombined  with  water,  or  in  the  state  of 
hydrate. 

Tlie  sesquioxide,  as  we  have  already  stated,  is  eponta- 
neously  produced  by  the  absorption  of  oxygen  by  the  prot- 
oxide, when  exposed  to  the  air.  In  fact,  by  the  addjlioo 
of  nitric  acid  to  any  ferruginous  solution,  the  iron  becomes 
more  or  less  aesquioxidized.  On  the  other  hand,  it  maybe 
partially  deoxidized,  and  restored  to  the  state  of  protoxide, 
by  digestion  with  iron  filings,  or  by  the  addition  of  the 
protochloride  of  tin.  Hence  the  addition  of  this  chloride 
to  ink  destroys  the  colour,  by  reducing  tlie  iron  to  tbe 
state  of  protoxide,  which,  with  gallic  and  tannic  acid* 
(tannin),  forms  a  compound  comparatively  colourless. 

When  a  solution  of  the  chloride  of  gold  is  added  to  a 
solution  of  the  protoxide  of"  iron,  tlie  gold  probably  relin- 
quishes its  chlorine  to  one  portion  of  the  iron  in  the  prot- 
oxide. The  oxygen,  consequently  displaced,  scsquioxidizes 
another  portion  of  the  iron;  so  that  metalhc  gold  precipi- 
tates, and  the  chloride  and  oxide  of  iron,  combining  in  tJie 
state  of  an  oxychloride,  remain  in  solution. 

The  destructive  distillation  of  nitrate  or  sulphate  of  iron 
evolves  the  sesquioxide.  It  has  been  stated,  in  treating 
of  sulphuric  acid,  that  it  was  originally  obtained  by  these 
means  from  copperas  or  green  vitriol,  the  sulphate  of  tlie 
protoxide  of  iron.  The  oxide  which  remains  after  the 
expulsion  of  the  acid,  has  long  been  known  under  the 
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ae  of  colcothar  of  vitriol.  To  render  it  free  frt)m  all 
lains  of  acid,  it  should  be  washed  with  water. 
The  protoxide"  and  sesquioxide  of  iron  combine  in  va- 
18  proportions.  The  scales,  called  ^nery  cinder ^  which 
off  during  the  forging  of  incandescent  iron,  consist  of 
toxide  and  sesquioxide.  The  oxide  formed  by  subject- 
iron  at  a  red  heat  to  steam,  is  the  biack  oxide^  corn- 
ed of  one  atom  of  protoxide  and  one  of  sesquioxide. 
The  native  magnetic  oxide  of  the  mineralogists,  is,  ac- 
ding  to  Thenard,  the  same  as  that  obtained  when  iron 
oxidized  by  steam.  ^  ^^ 

The  same  author  alleges  that  neither  the  hydrate  ol^?^' 
protoxide  nor  sesquioxide  are  magnetic;  this  quahty 
ig  exhibited  only  when  the  two  oxides  are  associated 
he  proportion  of  one  atom  of  protoxide  to  one  of  ses- 
Dxide. 

Of  the  Reaction  of  Iron  with  Acids. 

The  reaction  of  iron  with  sulphuric  acid  when  hot  and 
centrated,  is  quite  analogous  to  that  already  described 
taking  place  between  that  acid,  and  mercury,  copper, 
1,  &c.  The  reaction  of  iron  with  this  acid  when  dilute, 
been  mentioned  and  explained  above, 
n  its  habitudes  with  nitric  acid,  iron  resembles  tin  and 
nuth.  If  the  acid  employed  be  concentrated,  and  the 
I  minutely  divided,  an  explosion  sometimes  ensues. 
Vith  gallic  and  tannic  acids,  as  existing  in  the  in^ 
on  of  galls,  the  sesquioxide  of  iron  produces  a  purple 
Jack  colour,  in  other  words,  ink.  With  succinic  acid 
sesquioxide  yields  a  brown  precipitate,  with  benzoic 
1,  an  olive  coloured  precipitate,  and  with  meconic  and 
ihocyanhydric  acid,  a  blood-red  colour, 
^'here  seems,  however,  to  be  some  obscurity  respect- 
ink.  The  colour  of  this  useful  hquid  is  ascribed  to 
)  acids';  but  we  are  not  informed  whether  it  could  be 
le  with  either  alone,  and  if  so,  with  which  the  best; 
f  both  are  requisite,  in  what  proportions  they  should 
)resent. 

Of  the  Compounds  of  Iron  with  the  Halogen  Class. 

^ilorine  forms  with  iron  a  protochloride  and  sesqui- 
>ride,  which  correspond  in  composition  with  the  oxides. 
?he  anhydrous  protochloride  may  be  obtained  by  pass- 


I 
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iug  clilorohydric  acid  gas  over  iron  filings  heated  to  red- 
ness in  a  glass  tube.  The  hydrated  protochloride  maj  be 
procured  by  the  action  of  liquid  chlorohydric  acid  on  iroQ 
filings.  The  protochloride,  in  its  anhydrous  state,  is  of» 
pale  green  colour,  astringent,  crystallizable.  very  sotuUe 
iu  water,  and  volatilizable  by  heat.  When  exposed  to 
the  action  of  the  air,  it  absorbs  oxygen,  and  forms  a 
oxychloride,  consisting  of  the  sesquioxide,  and  sesquichb' 
ride. 

The  hydrated  sesquichloride  of  iron  is  produced,  wliea 

ihe  sesquioxide  of  iron  is  exposed  to  the  action  of  chlon 

fl-ohydric  acid,     it  may  be  obtained  in  the  anhydrous  statt 

by  heating  iron  filings  in  an  excess  of  chlorine.     Tliusob" 

tained,  it  is  volatile  and  deliquescent. 

Bromine  unci  iodine  form  compounds  with  iron,  which  no  doubt  en 
pond  in  cotnpoailion  with  its  oxides  and  chlorides. 

There  are  (wo  fluorides  of  iron  which  act  either  as  acids  or  bases. 

The  protocyanide  of  iron  is  formed  by  exposing  the  cyanofeiriie  of 
monium,  which  is  a  compound  of  the  cyanides  of  iron  and  anamoniun).  It 
heat  in  a  retort.  The  cyanide  of  ammonium,  which  is  volatile,  puM 
over,  leavinu  the  protocyanide  of  iron  in  the  form  of  a  grayisb.TelM 
powder.  This  cyanide  acta  as  a  powerful  cyanacid,  combining  in  t 
capacity  with  the  cyanides  of  almost  all  the  metals.  It  also  corafMimiril 
cyanhydric  acid,  but  whether  as  an  acid  or  a  base,  appears  to  me  doalf. 
ful.  I  incline  to  the  opinion  that  it  acts  as  an  acid,  forming  a  cyanolerrill^ 
of  the  cyanobase  of  hydrogen. 

Tho  sesquicyanidoof  iron  is  obtwned  by  mingling  a  solution  of  (he  .._ 
silicate  of  the  fluobase  of  iron  with  a  solution  of  the  cyanoforrite  of  poHl 
slum.  A  fluosJlicatc  of  tho  fluobaae  of  potassium  precipitates,  and  ibBHt 
quicyaoide  of  iron  remains  dissolved.  Its  solution  is  of  a  deep  brownidi 
yellow  colour,  and  an  astringent  taste.  If  we  attempt  to  obtain  it  in  ifi 
solid  form  by  desiccation,  it  is  partially  decomposed,  and  converted 
Prussian  blue. 

When  the  cyanide  of  potassium  is  mingled  in  solution  with  a  Cenv^ 
nous  salt,  a  precipitate  ensues,  well  known  under  the  name  of  PnisMI 
blue,  having  been  lirsi  accidentally  discovered  at  Berlin.  It  would  ssea 
that  to  perfect  the  colour  of  this  precipitate,  both  oxides  of  iron  should  ts 
present;  so  that  the  protoxide  may  produce  the  protocyanide,  and  the  M» 
quioxide  the  sesquicyanide.  These  cyanides,  by  their  union,  form  ds 
compound  in  question.* 


■M-ium.     In  Tact  th 


cyanide  of  potiamvni  ■nil  oxide  of  iron  an  ■» 


duced.     With  the  former  llie  prulocyaniija  of  iron  combines,  forming  snolhar 
ble  silt  according  li}  tlie  BerioliBii  naDiencIsture,  but  according  t«  that  wlrii_ 
adopt,  a  cyuiofeirlte  of  the  cjuiobasa  oT  potuwiiiui.     In  the  lait  laantionnl  ataHi 
oonibiiution,  agreeably  to  my  defioilioii  of  acidity,  the  protocyanide  act*  a*  an  ~~' 
«e  I  have  colled  it  cyanefemnu  acid.    It  Menu  qaestionable  whether,' 


hiakl 


Of  the  Compmmdt  of  Iron  mlA  Sulphur  and  Selnivm, 

Iron  forms  with  sulphur  a  protosulphide,  a  sesqu [sulphide,  iind  a  bisul- 
*»de.  Moreover  the  prolosuiphide  combines  in  various  proportions  with 
B  bisulphide  or  wiih  the  metal. 

K  hydraled  proiosulphide  ia  alleged  to  be  formed  durinj{  the  combustion 
rises  from  triturating  with  moisturfe  two  pnrls  of  iron  filings  with 
a  hair  of  sulphur.  This  hydraled  protosulphide  is  liable  to  absorb 
^gen  with  a  rapidity  so  great  as  lo  produce  ignition.  Owing  to  this  pro- 
rty,  its  presence  in  bituminous  coal  beds  sometimes  causes  them  to  lake 
B  spontaneously. 

Native  protosulphide  of  iron  is  of  rare  occurrence;  but  the  magnetic 
1  bisulphides  are  abundantly  found  in  nature,  especially  the  latter, 
h  is  one  of  the  most  common  minerals.  From  its  resemblance  lo 
it  is  frequently  mistaken  for  that  metal  by  inexperienced  observers^ 
a  intensely  heated,  a  portion  of  its  sulphur  subUmes;  and  hence  it  is 
if  the  sources  of  that  important  substance. 

is  alleged  by  Thenard  thai  there  are  two  varieties  of  the  bisulphide, 
h,  though  identical  in  composition,  are  dissimilar  in  Iheir  crystalline 
a  and  in  tljeir  properties.  Of  tJiese  varieties  only  one  is  susceptible 
r  spontaneous  reaction  with  air  and  moisture,  and  consequent  conversioD 
'o  a  sulphate.  To  a  similar  transformation  of  this  and  other  sulphides, 
are  indebted  for  the  greater  part  of  the  green  vitriol,  or  sulphate  of 
I,  used  in  the  arts.  Beds  of  these  minerals,  in  a  state  of  spontaneous 
mposition,  are  to  be  met  with  in  every  country. 

y  exposure  to  a  current  of  sulphydric  acid,  the  sesquioxide  of  iron  is 

KBvcrted  into  the  scsquisidphide,  provided  the  temperature  be  not  obove 

B.  higher  temperature  a  bisulphide  results. 

■  According  to  Thenard,  one  of  the  compounds,  formed  by  tho  union  of 

'  tsulphide  and  bisulphide,  constitutes  the  mineral  called  malefic 

It  is  also  formed,  as  he  alleges,  when  iron  in  a  state  of  intense 

1  is  presented  to  sulphur,  and  when  either  the  sesqu isulphide  or  bi* 

{phide  is  fused.     In  fact  it  would  seem  that  he  considers  none  of  the 

Kr  sulphides  as  magnetic ;  although  the  presence  of  a  greater  proportion 

n  in  tlte  protosulphide  would  lead  us  lo  suspect  in  it  a  greater  suscep- 

y  of  magnetic  Influeace.     Bcrzolius,  however,  considers  the  proto- 

s  formed  by  causing  the  vapour  of  selenium  to  pass 
r  iron  filings  heated  in  a  glass  lube.  It  has  a  metallic  brillianey,  and 
eep  gray  colour  approaching  to  yellow. 

261.  Experimental  I/hstrations. 
Iron,   dissolved    by  chlorohydric    and    sulphuric   acid. 


I  Red  and  magnetic  oxide  of  iron,  exhibited;  and  their  so- 


^^^h  eombmatiDQ  with  the  seaquicyanjcle  of  iron,  Ihis  pratocjoiiide  can  be  cond 

^Hb  acting  OB  ui  acid ;  moro  esperiaDy  as  tlie  sesqoicjanidB  alEo  coaibines  wil 

^^Mnnide  nf  pota&sium.and  has,  Ihervfotc,  cluima  tnbe  considerGd  oaryaw^irri 

1        However  1  think  it  wouidoa  the  whole  be  ina«t  conaiatenl  to  allow  tbe  nuns' 

1  b«ve  given  to  tha  protocjranide  wlien  in  union  with  the  cyanido  of  noiaW 

ibllow  it  into  ita  combination  with  the  Heaqoicjanlde  of  iron,  wh 

Ihe  present  it  were  belter  lo  deiignale  aa  Pnunon  Mat,  rather 
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lutions,  precipitated  by  galls,  and  by  cyanoferrite  of  po> 
tassium.  Effects  of  protochloride  of  tin  on  the  colour  of 
the  precipitates.  Ores  of  iron,  rendered  magnetic  by  the 
blowpipe. 


I 


SECTION  X. 
OF  ZINC. 

This  metal  exists  in  nature  in  four  states ;  in  thqt  of 
sulphate,  silicate,  carbonate,  and  sulphide.  As  a  silicate 
or  carbonate,  it  is  known  in  mineralogy  under  the  name 
o{  calamine;  its  sulphide  is  called  blende. 

The  metal  is  obtained  from  calamine  by  heating  it  with 
charcoal.    It  may  be  purified  by  distillation. 

Properties. — Zinc  is  of  a  brilliant  metallic  white  colour, 
slightly  tinged  with  the  hue  of  lead.  Its  structure  is 
stnkingly  crystalline.  Its  specific  gravity  is  about  6.86. 
Under  ordinary  circumstances  it  is  not  malleable,  but 
may  be  laminated  by  rollers  at  a  heat  somewhat  abo?e 
that  of  boiling  water.  It  melts  at  about  680°,  volatilizes 
at  a  higher  temperature,  and  may  be  distilled  by  being 
intensely  heated  in  a  stoneware  retort.  By  exposure  to 
the  atmosphere  it  is  slightly  oxidized,  but  at  a  white  heat 
bums  rapidly  with  intense  light,  the  resulting  oxide  being 
volatilized  in  fumes.  Water  is  rapidly  decomposed  when 
passed  in  the  state  of  steam  over  ignited  zinc,  or  when 
presented  to  it  together  with  a  due  proportion  of  sulphu- 
ric or  chlorohydric  acid.  Zinc  combines  with  carbon  and 
phosphorus. 

The  equivalents  of  zinc,  and  of  its  compounds  with 
oxygen,  chlorine,  and  sulphur,  are  as  follows: — 

Zinc,  -  -  -  -  -  32 

Protoxide,  1  atom  metal,  1  oxygen,  40 
Peroxide,  doubtful. 

Chloride,  1     „        „       1  chlorine,  68 

Sulphide,  1     „        „       1  sulphur,  48 

Of  the  Compounds  of  Zinc  with  Oxygen. 

The  protoxide  of  zinc  is  formed  during  the  combustion 
of  the  metal  in  atmospheric  air.    From  the  tightness  and 
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fleeciness  of  its  texture,  when  obtained  in  tliis  way,  it  was 
formerly  called  nihil  album,  and  lana  philosophica.  The 
protoxide  may  be  obtained  from  one  variety  of  the  ore 
called  calamine,  by  heating  it  to  expel  carbonic  acid.  To 
prepare  it  as  it  is  presented  to  us  in  the  shops,  the  ore  ' 
13  roasted,  pulverized,  and  levigated.  A  better  process, 
as  I  conceive,  is  that  of  collecting  llie  woolly  matter  pro- 
duced by  the  combustion  of  the  metal.  But  to  either  of 
these  modes  I  should  prefer  that  of  precipitating  the 
oxide  from  the  sulphate  in  solution,  by  liquid  ammonia. 

The  peroxide  is  obtained  by  the  same  means  as  the 
superoxide  of  copper,  which  it  resembles  in  many  of  its 
properties.  The  protoxide  usually  acts  as  a  base,  though 
in  some  cases  it  may  act  feebly  as  an  acid.  The  per- 
oxide performs  the  part  neither  of  a  base  nor  of  an  acid. 

The  action  of  sulphuric  acid  on  zinc  is  similar  to  that 
of  the  same  acid  on  iron.  When  subjected  to  nitric  acid, 
zinc  takes  all  the  oxygen  from  one  portion  of  the  acid, 
while  the  protoxide  thus  formed  is  dissolved  by  another 
portion;  meanwhile  the  nitrogen  escapes  witji  violent 
effervescence.  Professor  Emmet  has  recommended  the 
reaction  of  this  metal  with  the  nitric  acid  in  nitrate  of 
ammonia,  as  an  excellent  method  of  procuring  pure  nitro- 
gen. 

If  the  solution  of  acetate  of  zinc,  obtained  by  the  reci- 
procal decomposition  of  the  acetate  of  lead  and  sulphate 
of  zinc,  page  136,  be  clarified  by  subsidence  or  filtration, 
and  then  evaporated,  the  acetate  of  zinc  may  be  obtained 
in  the  crj'stalline  form.  It  will  also  be  in  a  state  of  pu- 
rity, if  the  materials  have  been  used  in  the  equivalent  pro- 
portions, or  with  a  slight  excess  of  the  acetate  of  lead. 
Pure  acetate  of  zinc  may  also  be  obtained  by  the  process 
for  forming  the  arbor  Saturni;  as  in  that  process,  after  a  « 
sufficient  time,  the  lead  is  completely  displaced  by  the 
zinc,  which  remains  in  solution. 

The  acetate  of  zinc  is  also  obtained,  agreeably  to  one 
of  the  formulas  of  the  Pharmacopoeias,  as  a  tincture,  in 
other  words,  in  alcoholic  solution,  by  subjecting  a  mixture 
of  sulphate  of  zinc  and  acetate  of  potash,  in  equivalent 
proportions,  to  alcohol.  The  mixture  of  the  salts  is  fol- 
lowed by  a  reciprocal  decomposition,  analogous  to  that 
produced  by  the  mixture  of  sulphate  of  zinc,  and  acetate 
of  lead;  excepting  that  the  resulting  sulphate  of  lead  is 
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quite  insoluble  in  water,  and  separates  by  precipitation; 
while,  in  the  other  case,  both  of  the  resulting  salts,  being 
more  or  less  soluble  in  water,  alcohol  is  employed  to 
separate  them.  This  liquid  does  not  dissolve  the  sul- 
phate of  potash,  while  it  readily  takes  up  the  acetate  of 
zinc. 

Of  the  Compounds  of  Zinc  with  the  Halogen  Class* 

Anhydrous  chloride  of  zinc  is  formed  during  the  OMih 
bustion  of  zinc  in  chlorine.  It  was  formerly  called  the 
hutler  of  zinc  from  its  consistency.  It  is  of  a  grayifib- 
white  colour,  translucid,  astringent,  fusible  at  the  t&axpd' 
rature  of  boiling  water,  and  volatilizable  at  a  red  h4it 
By  dissolving  zinc  fihngs  in  chlorohydric  acid,  and  eTt- 
porating  the  solution  to  dryness,  we  may  obtain  this  chlo- 
ride in  the  state  of  hydrate. 

Zinc  combines  with  iodine,  fluorine,  and  cyanogen. 
The  cyanide  acts  as  an  acid,  the  fluoride  both  as  a  base 
and  an  acid. 

Of  the  Compounds  of  Zinc  with  Sulphur  and  Selenium* 

Sulphide  of  zinc  may  be  obtained  by  heating  the  sulphate  to  whiteoen 
with  a  carbonaceous  paste.  It  is  difficult  to  combine  zinc  directly  with 
sulphur;  but  when  the  vapour  of  sulphur  is  passed  over  incandescent  zioc, 
a  combination  takes  place  with  a  violent  commotion,  and  the  evolution  of 
so  much  heat  as  to  volatilize  part  of  the  zinc.  The  same  result  ensues 
when  zinc  filings  are  suddenly  and  intensely  heated  with  the  persulphide 
of  potassium,  or  the  powdered  bisulphide  of  mercury. 

Sulphide  of  zinc  is  solid,  yellow,  tasteless,  less  fusible  than  zinc,  inde- 
composable by  heat  alone,  but  reducible  by  intense  ignition  with  charooa]. 
It  is  a  powerful  sulphobase. 

When  the  sulphate  of  zinc  is  decomposed  at  a  low  red  heat  by  hydro- 
gen, an  oxysulphide,  or  in  other  words  a  compound  of  the  sulphide  and 
oxide,  is  formed. 

When  the  vapour  of  selenium  is  passed  over  zinc  heated  to  r^ness,  the 
union  of  the  two  substances  takes  place  with  violence,  being  attended  with 
the  phenomena  of  active  combustion.  The  resulting  selenide  is  a  yellow 
powder. 

262.  Experimental  Illustrations. 

Zinc,  subjected  to  diluted  sulphuric,  and  diluted  chloro- 
hydric acid.  Arbor  Saturni,  produced  by  it  in  a  solution 
of  acetate  of  lead.  Combustion  of  the  metal  in  an  incan- 
descent crucible.  Its  habitudes  with  the  blowpipe,  ex- 
hibited. Reaction  of  zinc  filings  and  bisulphide  of  mer- 
cury; also  of  the  melted  metal  with  a  fused  nitrate. 
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SECTION  XL 
OF  ARSENIC. 

This  metal  is  found  in  nature,  in  combination  with  oxy- 
gen, sulphur,  and  various  metals.  It  is  sold  in  commerce 
under  the  name  of  cobalt,  and  in  the  state  in  which  it 
bears  this  name,  it  is  full  of  crevices,  and  so  much  tar- 
nished or  blackened  by  oxidizement,  both  internally  and 
externally,  that  it  is  not  possible,  even  by  a  fresh  frac- 
ture, to  see  the  true  colour  and  lustre  of  the  metal. 

In  order  to  attain  this  object,  the  cobalt  (as  it  is  absurdly 
named)  should  be  coarsely  pulverized,  and  introduced  into 
a  glass  tube  sealed  at  one  end.  The  tubc^  should  be  less 
than  half  full.  Thus  prepared,  it  should  be  placed  within 
a  cylinder  of  iron,  closed  at  the  base.    The  but-end  of  a 

Sm  barrel  will  answer.  The  space  between  the  iron  and 
e  glass  should  be  filled  with  sand,  and  another  gun  bar- 
rel applied,  so  as  to  receive  any  fimies  which  may  arise, 
and  conduct  them  into  a  chimney.     That  portion  of  the 

glass  tube  which  contains  the  arsenic,  should  be  kept  red- 
ot  for  about  half  an  hour-  After  the  apparatus  is  quite 
cool,  the  metal  will  be  found  in  crystals  of  great  splen- 
dour, occupying  that  portion  of  the  glass  tube  which  is 
next  the  part  heated  to  redness. 

Properties. — Exposed  before  the  blowpipe,  arsenic  is 
distinguished  by  burning  before  it  fuses,  and  by  emitting 
copious  white  fumes,  which  have  the  odour  of  garlic. 
These  fumes  are  easily  produced,  by  projecting  a  portion 
of  the  metal  upon  a  hot  iron,  or  by  subjecting  it  in  any 
other  way  to  heat  and  air.  They  are  evolved  on  a  large 
scale  during  some  metallurgic  operations,  and,  after  being 
subjected  to  a  subsequent  distillation,  constitute  the  ar- 
semous  acid  or  white  arsenic  of  the  shops.  This  metal 
is  extremely  brittle,  and,  when  newly  sublimed,  has  the 
colour  and  brilliancy  of  polished  steel.  It  requires  less 
heat  to  vaporize  than  to  fuse  it;  so  that  it  cannot  be 
melted  without  the  aid  of  a  pressure  greater  than  that  of 
the  atmosphere.  Thcnard  alleges  that  it  may  be  su- 
blimed in  a  retort  filled  with  nitrogen,  at  the  temperature 
of  356°.  I  am  under  the  impression,  that  the  nitrogen 
must  co-operate  as  a  solvent  in  this  result;  taking  up  the 
metal  in  the  warmer  part  of  the  retort,  and  depositing  it 
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in  the  colder  part.  I  have  ascertained  that  metallic  arw- 
nic,  situated  in  a  glass  tube  immersed  in  melted  lead,  is 
not  volatilized,  unless  so  far  as  it  may  be  oxidized;  and, 
moreover,  in  my  efforts  to  obtain  the  arsenical  ring,  I  haie 
remarked  that  it  is  formed  just  beyond  the  part  of  the  tube 
which  ia  reddened  by  the  heat. 

The  following  table  gives  the  equivalents  of  arseDJc, 
and  of  its  compounds  with  oxygen,  chlorine,  and  sulphur. 
Arsenic,  -----  35 

Suboxide,  doubtful. 


Arsenious  acid, 

2  atoms  metal,  3  atoms  oxygen, 

100 

Arsenic  acid, 

2  atoms 

„     5  atoms        „ 

U6 

Protochloride, 

1  atom 

„     1  atom  chlorine, 

74 

Sesquichloride, 

2  atoms 

„     3  atoms        „ 

184 

Protosulphide, 

1  atom 

„      1  atom  sulphur. 

M 

Sesquisulphide, 

2  atoms 

„      3  atoms        „ 

124 

Persulphide, 

2  atoms 

„     5  atoms        „ 

156 

Of  the  Compounds  of  Arsenic  with  Oj:ygen. 

According  to  Berzelius,  the  black  matter  which  ob- 
scures the  briUiancy  of  metallic  arsenic  on  exposure  to 
the  air,  is  a  suboxide.  Thenard  seems  inclined  to  con- 
sider it  as  a  protoxide ;  whDc  by  other  chemists  it  is  treated 
as  a  mixture  of  arsenious  acid  and  the  metal;  as,  whea 
exposed  to  heat  or  to  acids,  it  yields  arsenious  acid,  and 
metallic  arsenic.  But  as  it  appears  that  arsenious  acid  a 
a  compound  of  oxygen  and  the  metal,  in  the  ratio  of  three 
atoms  of  the  former  to  two  of  the  latter,  it  would  be  rea- 
sonable to  infer  the  existence  of  a  conijwund  consisting  of 
an  atom  of  each.  Besides,  it  has  been  ascertained  by 
BerzeUus,  that  the  exposure  of  arsenic  to  air  never  causea 
an  absorption  of  more  than  eight  per  cent,  of  oxjgen; 
whereas,  to  form  arsenious  acid,  the  metal  must  absorb 
thirty-two  per  cent.  Now  it  seems  very  improl>able  that, 
under  the  same  circimistances,  one  portion  of  the  metal 
should  absorb  thirty-two  per  cent,  of  oxygen,  while  ano- 
ther portion  should  absorb  none. 

Arsenious  add  is  formed  when  arsenic  is  ignited  in  the 
air.  It  is  milk-white,  has  a  rough  and  slightly  acid  taste, 
followed  by  a  flavour  feebly  sweet.  When  healed  in  open 
vessels  to  a  low  red  heat,  it  softens,  sublimes,  and  con- 
leoaeB  in  tlie  form  of  a  white  powder,  or,  when  the  tm- 


^i^ls  are  large  and  the  operation  slow,  in  regular  octohe- 
•iral  crystals. 

Arsenious  acid  is  soluble  in  water,  but  not  to  any  great 
^actent.  Berzeiius  states  that  a  saturated  solution  of  it 
■**  boiling  water,  in  which  the  deposition  of  crystals  has 
^^^Omnienced,  contains  but  a  twelftli  or  thirteenth  of  its 
^^^«ight.  There  is  much  uncertainty,  and  some  mystery, 
■*"^specting  the  extent  of  its  solubihiy  in  cold  water.  Ber- 
^^lius  quotes  an  observation  made  by  Fischer,  that  the 
I><:irtion  employed  ia  never  entirely  dissolved;  and  that  as 
"^lle  ratio  of  the  water  to  the  acid  increases,  this  being  al- 
■""^ays  in  excess,  the  quantity  dissolved  lessens.  Thus  80 
irt^  of  the  former  take  up  Vsth  of  its  weight;  16t)  parts, 
fffth;  240  parts,  jiirth ;  and  1000  parts,  only  WiFirth.  Arse- 
lious  acid,  when  subjected  in  close  vessels  to  a  heat  ap- 
poaching  to  redness,  fuses  into  a  transparent  glass  of 
De  specific  gravity  of  3.099,  unchangeable  in  dry  air,  but 
adually  becoming  white  and  opake  in  a  humid  atmos- 
*iere. 

In  the  last  mentioned  state,  it  appears  to  be  more  solu- 

Ue  in  boiling  water,  and  to  be  retained  in  solution  to  a 

■eater  extent  than  in  the  transparent  state.     The  trana- 

•ent  acid  reddens  litmus;  while,  by  the  opake,  litmus  pre- 

nously  reddened  may  be  restored  to  its  original  colour. 

These  varieties  of  arsenious  acid  are,  therefore,  con- 
itidered  as  isomeric. 

Arsenious  acid  is  a  most  virulent  poison.  It  is  found 
in  nature,  both  in  the  crystalline  form,  and  in  that  of  a 
white  powder.  By  digestion  in  aqua  regia  or  in  strong 
nitric  acid,  evaporation  of  the  resulting  solution  to  dry- 
ness, and  subsequent  ignition  nearly  to  redness  in  a  pla- 
tinum crucible,  arsenious  acid  acquires  two  additional 
atoms  of  oxygen;  so  that  a  compound  is  formed  in  which 
the  metal  is  to  the  oxygen,  in  the  proportion  of  two  atoms 
I  to  five.     This  compound  is  arsenic  acid. 

Arsenic  acid  is  solid,  white,  and  caustic;  it  reddens  lit- 
mus paper.  When  exposed  to  heat  it  melts  into  a  glass; 
but  ii  the  heat  be  pushed  to  redness,  it  is  decompostS  into 
arsenious  acid  and  oxygen  gas.  This  is  a  more  powerful 
acid,  a  more  virulent  poison,  and  more  energetic  in  its 
affinities,  than  arsenious  acid.    Like  other  fixed*  acids,  it 
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expels,  when  aided  by  heat,  the  volatile  acids  from  their 
combinations.  It  forma,  with  certain  metallic  oxides, 
salts  which  crystallize  in  the  same  form  as  the  corres- 
ponding phosphates;  whence,  as  I  have  elsewhere  stated, 
arsenic  and  phosphoric  acid  are  said  to  be  isoniorphoia 
Of  such  bodies,  one  may  be  substituted  for  tlie  other  ii 
crystalline  compounds,  without  altering  the  form  of  the 
resulting  crystala. 

Arsenic  acid  is  deliquescent,  and  much  more  soliUde 
than  arscnious  acid;  yet  after  being  vitritied  by  heat,  i^ 
does  not  dissolve  completely  at  first,  but  deposites  a  whhi 
powder,  which,  by  frequent  sfirriug,  finally  dissolves, 
consequence  of  this,  and  some  other  diHt^rences  in 
properties,  it  has  been  supposed  that  the  melted  and  ufr 
melted  arsenic  acids  are  isomeric  with  regard  to  eadl 
otlier. 

Arsenious  and  arsenic  acid  severally  combine  with  tfai 
metallic  oxides,  Arseniate  of  potash  is  formed,  when  aj^ 
senious  acid  is  deflagrated  with  nitrate  of  potash.  FoiP- 
ler'a  solution,  the  iigttor  polassa  arscnitis  of  tlie  U.  S. 
Phamiaco)xx:ia,  is  made  by  boiling  arsenious  acid  and 
carbonate  of  potash,  of  each  64  grains,  with  a  pint  q^ 
distilled  water,  and  adding  four  fluidrachms  of  tlie 
of  lavender.  The  arsenious  acid,  displacing  the  ci 
acid,  forms  with  the  alkali  an  arsenite  ot"  potash, 
solution  produces  a  yellow  precipitate  with  nitrate  of 
ver,  without  the  aid  of  ammonia,  as  the  place  of  this  ' 
is  supplied  by  the  potash. 

The  soluble  arsenites  and  arseniates  yield  precipitall 
witli  solutions  of  copper  and  silver,  and  destroy  the  bhiB 
colour  of  the  iodide  of  starch,     in  the  instances  of  cfl», 
per  and  silver,  an  arsenite  or  arseniate  of  those  metats 
formed.     The  arsenite  of  copper  is  of  an  apple-green 
lour,  and  forms  a  pigment  called  Scheele's  green.     The 
senile  of  silver  is  yellow;  the  arseniate,  brick-red. 

When  cold,  sulphuric  acid  does  not  react  with  s 
but  when  warm,  the  acid  is  decomposed,  and  araei 
acid  formed. 

The  reaction  of  nitric  acid  with  arsenic  is  Bimiiar  10 
tlie  reaction  of  sulphuric  acid  with  the  same  metal;  <* 
cept  that  it  takes  place  without  the  aid  of  heat,  and  that 
the  arsenious  acid  which  is  at  first  produced,  is  finaJIj 
converted  into  arsenic  acid. 
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tOf  the  Compounds  of  Arsenic  with  tfte  Halogen  Class. 
By  the  direct  reaction  of  chlorine  with  arsenic,  or  by 
3  distillation  of  this  metal  with  the  bichloride  of  mer- 
cury, a  sesquichloride  of  arsenic  is  obtained.  If,  in  this 
process,  the  protochloride  of  mercury  be  substituted  for 
the  other,  a  protochloride  is  generated:  and  by  the  reac- 
tion of  the  metal  with  an  excess  of  clilorine,  a  percliloride 
is  alleged  to  result. 

The  sesquichioridc  is  a  colourless  fuming  liquid,  of  an 
oleaginous  consistency,  quite  analogous,  both  as  to  the 
means  of  evolution  and  its  properties,  to  the  bichloride  of 
tin,  or  fuming  liquor  of  Libavius. 

Bromine  and  iodine  severally  form  compounds  with  ar- 
senic, which  correspond  in  composition  with  the  sesqui- 
chloride. 

The  fluoride  of  arsenic  is  a  colourless  fuming  liquid, 
which  probably  consists  of  two  atoms  of  arsenic,  and 
three  of  fluorine. 

^y  tfw  Compounds  of  Arsenic  with  Sulphur  and  Seleniiitn. 
There  is  scarcely  any  limit  to  the  number  of  propor- 
tions in  which  arsenic  and  sulphur  appear  to  combme; 

r  yet  Berzelius  admits  the  existence  of  but  five  distinct  sul- 
phides, and  Thenard  recognises  only  three, — a  protosul- 
phide,  a  sesquisulphide,  and  a  persulphide.     By  uie  uuion 

.  of  these  with  various  quantities  of  the  metal,  or  of  sul- 
phur, all  the  other  compounds  are  supposed  to  be  pro- 

-  duced. 

The  proto,  sesqui,  and  persulphide  severally  combine 
with  sulphobases,  as  sulphacids. 
,       The  protosulphide  of  arsenic,  known  in  commerce  by 
.  the  name  of  realgar,  may  be  obtained  by  heating  a  mix- 

-  ture  of  two  parts  of  sulphur,  and  rather  less  than  three 
and  a  half  parts  of  arsenic.     It  is  procured  in  the  large 

^  way  by  distilling  arsenioua  acid  with  sulphur.  It  is  tasle- 
.  less,  crystallizable,  less  fusible  than  arsenic,  and  of  an 
orange-red  colour.  When  heated  in  close  vessels  it  voia- 
,  tilizes  unchanged,  but  if  the  air  be  admitted  it  is  con- 
verted into  arsenious  and  sulphurous  acid.  It  is  found 
"""  ative. 

The  sesquisulphide  is  obtained  by  adding  chlorohydric 
cid  to  a  mixed  solution  of  sulphide  of  potassium  and  ar- 
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senite  of  potash.  Tlio  oxygen  of  the  arsenious  acid  aoij 
of  the  potash  unites  with  the  hydrogen  of  the  clUorohy- 
dric  acid,  the  chlorine  with  the  potassium,  and  the  sul- 
phur with  the  arsenic.  The  chloride  of  potassium  rfr 
mains  in  solution,  while  the  arsenic  and  sulphur  precipe 
tato  in  the  state  of  sesquisulphide,  and  in  the  ibmi 
beautiful  yellow  flocks. 

The  sesquisulphide  is  found  in  nature,  and  is  known  is 
commerce  under  the  name  of  orpimcnt.  It  is  crystatlit 
able.  When  heated  gently  in  close  vessels  it  melts,  and 
if  the  heat  be  further  elevated  volatilizes,  and  may  be 
condensed  unchanged.  If  the  access  of  air  be  permittel 
during  the  operation,  sulphurous  and  arsenious  acid  alt 
formed. 

The  persiilphide  of  arsenic  is  formed  by  passing  sal- 
phydric  acid  gas  through  a  solution  of  arsenic  acid  in 
water.  It  is  yellow,  and  resembles  orpiment.  It  is  Risi- 
ble, volatilizable,  and  capable  of  reddening  litmus. 

When  arsenic  is  dropped  into  selenium,  previoiBlj 
liquefied  by  heat,  a  selenide  is  produced.  If  this  sclenide 
be  subjected  to  distillation  at  a  red  heat,  a  pcrselenide  is 
obtained. 

Of  the  Compoundg  of  Arsenic  vith  Phonphons  and  HydrogtA. 

A  phosphuret  of  arsenic  may  lie  feirmett  by  heating  phosphorus  whb 
Ihe  metal.     It  is  black  and  brillianl. 

If  ihe  experiment  of  the  philosophical  candle  be  repeated,  some  powAaed 
arsenic  being  jutemiiiigled  with  the  usuul  materials,  the  hydn^en,  io  ib 
naacenl  slate,  will  unite  with  the  arsenic,  forming  areeniuretied  bydngn- 
Hence  the  gaseous  jet,  when  ignited,  will  produce  a  flame  of  a  disnuJ, 
pale,  bluish-white  colour,  giving  rise  to  arsenical  fumes,  and  the  clune- 
leristic  odour  of  arsenic.  A  more  accurate  process  for  genorating  this  gv, 
is  to  dissolve  an  alloy  of  tin  and  arsenic  in  chlorohjilric  acid. 

If  a  mixture  of  two  parts  of  sulphide  of  antimony,  two  of  lulartrtlerf 
potash,  and  one  of  arsenious  acid,  be  kept  at  a  red  heat  in  a  c<n-ered  cwq. 
ble,  an  alloy  may  bo  obtained,  which  will  evolve  arseniuretled  hydropn 
as  soon  as  moistened.  To  obtain  arseniuretled  hydrogen,  it  is  odf  i* 
cessary  (o  introduce  a  small  portion  of  this  alloy  into  a  bell  glass,  in- 
verled  over  fresh  boiled  water,  as  usual  in  pneumato-chemical  proc^sm 
The  gas  is  gradually  evolved,  and  of  course  collected  in  the  bell  glBs& 

A rseniii  retted  hydrogen  is  highly  inflammable,  in  common  with  «D 
oilier  aeriform  compounds  of  hydrogen.  It  is  extremely  deleterious  B 
life,  being  injurious  when  liberated  in  quantities  too  small  to  be  iiiuw- 
diately  annoying  to  the  operator.  It  is  productive  of  nausea  and  vomiliit 
sometimes  of  constipation,  sometimes  of  purging.  As  palliatives  of  ihca 
symptoms,  Berzelius  recommends  warm  lea,  and  sulphydric  acid  gas. 

Though  at  ordinary  temperatures  a  permanent  gas,  arseniurGtlod  hjdro- 
gen  at  40°  condenses  into  a  liquid.     A  tea-lhousandtfa  part  of  thi*  p* 
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f  be  detected  in  a  gaacous  mixlurc;,  by  ihc  melallic  pellicle  which  it 
W  upon  a  soluLoa  of  corrosive  sublimate. 

Q  of  turpentine  appears  to  form  a  crystalline  compound,  by  reacting 
pi  arseniurctlcd  hydrogen. 

"d  compound  of  arsenic  with  hydrogen  has  been  made,  by  sub- 
in  alloy  of  potassium  and  arsenic  to  water;  and  likewise  by  the 
composition  of  water  by  the  Voltaic  series,  one  of  the  wires,  employed 
r  the  purpose,   tenninating   in  a  piece  of  arsenic  immersed  in  that 

263.  Experimental  Illustrations. 
Appearance  anii  habitudes  of  arsenic,  in  its  metallic 
■nd  crystalline  form,  contrasted  with  those  of  zinc,  anti- 
mony, and  bismuth.  Arsenious  acid  and  its  solutiona, 
exhibited:  also,  Fowler's  solution,  or  eolution  of  arsenite 
erf  potash.  Arsenious  and  arsenic  acid,  in  solution,  added 
to  large  vessels  of  clear  water,  and  detected  by  sulphy- 
dric  acid,  or  by  ammotiiacal  nitrate  of  silver  or  copiier. 
Same  acids  precipitated  by  lime-water.  Exhibition  of 
Scheele's  green,  or  arsenite  of  copper.  Combustion  of 
areeniuretted  hydrogen,  displayed. 

Of  the  Means  of  delecting  Arsenic-,  in  Cases  where  poison- 
ing is  suspected  by  it. 

In  respect  to  arsenic,  the  most  important  subject  of  at- 
tention is  the  means  of  detecting  this  metal,  in  cases  In 
which  it  may  be  used  as  a  poison. 

The  first  steps  arc  of  course  directed  to  the  collection 
and  prescr^'ation  of  all  the  matter  which  may  have  come 
from  the  patient  in  vomiting,  or  which  may  be  obtained 
by  opening  the  stomach.  As  it  is  usually  in  the  solid 
state  of  arsenious  acid  that  this  poison  is  administered; 
both  the  matter  thus  obtained,  and  the  surface  of  the 
stomach  should  be  rigidly  examined,  in  order  to  detect 
any  particles  which  may  remain  in  that  stale.  Berzelius 
counsels  us  especially  to  scrutinize  those  spots  in  the  sto- 
mach which  appear  to  have  been  inflamed,  in  order  to  as- 
certain whether  any  particles  of  the  poison  are  lodged  in 
ihem. 

In  the  next  place,  the  whole  mass,  collected  and  pre- 
served as  above  advised,  should  be  thrown  into  water, 
which,  white  stirred  to  cause  the  suspension  in  it  of  the 
lighter  portions  of  the  matter,  should  be  poured  off,  to- 


396  INORGANIC  8UB8TANCTS. 

gether  with  that  lighter  matter  from  the  heavier  subsiding 
portion.  The  liquid  thus  separated  should  be  filtered; 
and  both  the  resulting  filtered  solution,  and  the  heavier 
matter  which  may  have  sunk  to  the  bottom  of  the  vessel, 
should  be  evaporated  to  dryness  in  an  appropriate  oven, 
or  in  a  vessel  kept  hot  by  boiling  water-  The  whole  be- 
ing quite  dry,  it  should  be  introduced  into  a  glass  or  porce- 
lain vessel;  and,  adding  a  sufficient  quantity  of  strong 
nitric  acid  to  cover  the  mass,  it  should  be  subjected  to  a 
heat  adequate  to  cause  a  brisk  reaction.  This  should,  if 
necessary,  be  sustained  by  further  additions  of  the  acid, 
until  there  is  no  longer  any  organic  matter  undecomposed. 
As  nitric  acid  can  have  no  other  effect  upou  arsenic 
than  that  of  converting  it  into  arsenic  acid,  io  which  stale  ] 
it  is  less  volatile  than  in  any  other;  this  process  tends  at  1 
the  same  time  to  annihilate  the  organic  impurities,  and  to 
secure  the  metal.  Thus  the  matter  to  be  assayed  is  much 
diminished  in  bulk,  and  if  it  contain  arsenic  must  hold  it 
as  arsenic  acid,  which  is  more  soluble  than  arsenious  acid. 
Hence,  if  the  dry  mass  be  digested  with  water,  a  solution 
will  be  obtained,  which,  being  filtered,  may  be  precipitated 
by  lime-water.  The  arseniate  of  lime  which  precipitates, 
being  dried,  should  be  mingled  with  about  ODe-fourtti  of  J 
its  weight  of  powdered  charcoal,  and  introduced  into  a  I 
glass  tube,  sealed  at  one  end.  The  mixture  having  been  ] 
made  to  settle  down  to  the  sealed  end  within  as  narrow 
limits  as  possible,  a  little  cotton  wick  must  be  fastened  to 
the  end  of  a  wire,  by  twisting  the  wire  so  as  to  form  one 
end  into  an  eye,  and  passing  the  wick  through  the  eye, 
and  winding  it  about  the  end  of  the  wire,  until  a  plug  of 
cotton  be  made  just  large  enough  to  slide  in  the  tube  like 
a  piston.  For  greater  security,  the  wick  may  be  wound 
about  the  wire,  so  that  one  end  may  be  held  in  the  hand. 
By  means  of  the  piston,  thus  formed,  the  portion  of  the 
tube,  not  occupied  by  the  mixture,  may  be  wiped  clean. 
The  tube  should  now  be  subjected  to  the  flame  of  a  spirit 
lamp,  the  piston  being  retained  in  it,  as  near  the  mixture 
as  it  can  be  without  being  injured  by  the  heat.  The  heal 
should  be  applied  at  first  to  the  anterior  part  of  the  mas-s 
proceeding  to  the  posterior  part  afterwards;  and  as  sour 
as  the  whole  ceases  to  give  out  aqueous  vapour,  the  piston 
should  be  passed  quickly  down,  so  as  to  wipe  away  the 
moisture  condensed,  together  with  any  accompanyiDg 
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foulness.  The  piston  being  again  beyond  the  reach  of 
the  heat,  the  part  of  the  tube  contitining  the  mixture 
should,  by  the  aid  of  a  blo\vpii>e,  be  exposed  to  a  tempera- 
ture as  higb  as  the  glass  will  bear.  If  there  be  arsenic  in 
the  mixture,  it  will  now  appear  in  a  bright  metallic  ring, 

t'ust  beyond  that  part  of  the  tube  which  was  heated  red- 
lot.  On  cutting  the  tube  at  the  part  where  the  ring  ap- 
pears, and  heating  it  by  a  spirit  lamp,  the  alliaceous  smell 
of  arsenic  will  be  perceived,  if  this  metal  be  present;  and 
the  same  smell  will  be  experienced  on  igniting  the  cotton 
of  the  piston  above  mentioned. 

The  process  thus  described  is  that  which  I  employed 
in  the  analysis  of  some  matter  sent  to  me  from  Westches- 
trr.by  Dr.  Thomas;  having  been  obtained  from  the  sto- 
mach of  a  woman  poisoned  by  her  husband.  I  afterwards 
repeated  it  successfully  at  Westchester,  in  presence  of 
Dr.  Thomas  and  another  physician;  and  upon  their  evi- 
dence of  the  result  so  obtained,  the  murderer  was  con- 
victed. Before  his  execution  he  confessed  himself  to  be 
guilty. 

Where  no  arsenic  can  he  detected  in  the  contents  of 
the  stomach,  it  may  be  found  in  the  membranes,  or  coats. 
Hence,  in  making  the  examination  for  arsenic,  the  sto- 
mach should  be  boiled  in  nitric  acid,  until  all  the  organic 
matter  is  destroyed. 

Very  minute  quantities  of  arsenic  may  be  detected  by 
the  aid  of  silver  or  copper  in  solution.  Witli  silver,  ar- 
senic acid  gives  a  brick-red,  arsenious  acid,  a  yellow 
precipitate.  With  copper,  arsenious  acid  produces  a  very 
striking  green  precipitate  of  arsenite  of  copper,  called 
Scheele's  green.  Sutphydric  acid  gas  produces,  with  either 
acid,  a  yellow  precipitate  of  sulphide  of  arsenic.  As 
these  results  are  precarious,  and  liable  to  be  produced  by 
other  causes,  they  should  not  be  considered  as  conclusive 
evidence. 

In  the  case  of  the  murder  above  mentioned,  I  found  that 
the  arsenic  acid,  as  procured  from  the  contents  of  the 
stomach,  would  not  assume  the  appropriate  ime  in  pre- 
cipitating with  silver,  whether  hetore  or  after  its  union 
with  lime.  Instead  of  a  brick-red,  it  was  of  a  muddy  co- 
lour. By  Dr.  Feutchwanger,  who  was  present  during 
many  of  my  experiments,  this  was  ascribed,  correctly 
as  I  believe,  to  phosphoric  acid.    It  has  been  stated,  that 


398  INORGANIC  SUBSTANCES. 

it  is  difHcult  to  separate  these  acids  when  associated,  from 
their  isomorphism,  or,  in  other  words,  crystallizing  in  the 
same  form. 

By  simple  affinity,  neither  arsenious  nor  arsenic  acid 
can  be  precipitated  by  the  soluble  salts  of  silver  or  copper. 
Hence  an  alkali  must  be  present,  either  in  union  with  the 
arsenical  acids,  or  with  the  metallic  salt.  This  object  is 
attained  conveniently,  by  the  addition  of  ammonia  to  the 
nitrate  of  silver  or  copper;  as,  with  either  of  those  me- 
tals, that  alkali  iorms  a  soluble  amnioniacal  nitrate. 

264.  Experimental  Illustrations. 
Small  portions  of  arsenious  acid,  or  of  the  nrscniate  of 
time,  mingled  with  powdered  charcoal,  and  subjected  to 
heat  in  a  glass  tube.    Arsenical  ring,  produced  and  ei- 
hibited. 


SECTION  XII. 
OF    ANTIMONY. 

Antimony  sometimes  occurs  in  nature  in  the  metallic 
state  or  in  that  of  oxide,  and  exists  abundantly  as  a  sul- 
phide. It  is  in  fact  the  sulphide  that  is  called  antimony 
iQ  commerce,  the  metal  being  designated  as  the  regulusiX 
antimony. 

The  ores  of  this  metal  had  been  known  for  a  long 
time;  but  for  its  extraction  from  them,  the  world  is  in- 
debted to  Basil  Valentine,  who  lived  towards  the  close  of"^ 
the  fifteenth  century.  Since  that  period,  from  its  utility 
in  medicine,  it  has  been  eminently  an  object  of  iuTesti^ 
gation. 

Metallic  antimony  may  be  obtained  by  mingling  the 
sulphide  with  two-thirds  of  its  weight  of  bitartrate  of  pot- 
ash, ^nd  one-third  of  its  weight  of  nitre,  and  deflagrating 
the  mixture  in  a  red-hot  crucible.  The  osygen  of  the  nitre 
converts  the  sulphur  into  sulphurous  acid,  which  escapesj 
while  the  alkali  of  both  the  salts  operates  as  a  flux,  or  in 
other  words  promotes  the  fusion  of  the  mass.  The  cap 
bon  of  the  tartaric  acid  counteracts  the  oxidizemcnt  of 
the  metal. 
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Charcoal,  intimately  mtermingletl  with  carbonate 
potash  or  soda,  may  be  used  instead  of  the  bitartrate- 

Antimony  thus  obtained  is  not  quite  pure.  To  render 
it  so  it  may  be  dissolved  in  aqua  regia,  precipitated  in  the 
state  of  oxychloride  by  water,  and  revived  by  ignition 
with  bitartrate  of  potash. 

Properties. — Antimony  is  so  brittle  as  to  be  easily  pul- 
verized. It  displays  a  crystalline  structure,  and  may  be 
crystallized  by  the  process  resorted  to  in  the  case  of  sul- 
phur. When  quite  pure  and  newly  fractured,  it  is  of  a 
silver-white  colour,  and  very  brilliant.  If  it  be  rubbed 
between  the  fingers,  they  acquire  a  perceptible  odour.  Its 
specific  gravity  is  6.7.  It  fijsea  a  little  IxjIow  a  red  heat. 
When  tlirown  in  a  state  of  fusion  upon  a  board,  it  pro- 
duces a  beautiful  effect,  being  dispersed  into  a  multitude 
of  ignited  globules,  which  emit  copious  fumes  of  oxide,  and 
leave  their  traces  upon  the  board.  The  temperature  of 
the  globules  seems  to  be  supported  by  their  own  com- 
bustion. 

According  to  Berzelius,  the  purity  of  antimony  is  indi- 
cated by  a  silvery  whiteness,  and  a  granular  or  fine  la- 
mellar texture;  whereas  the  metal  otherwise  does  not 
excel  tin  in  whiteness,  and  is  coarsely  lamellar,  almost  as 
if  susceptible  of  cleavage.* 

The  equivalents  of  antimony,  and  of  its  compounds  with 
oxygen,  chlorine,  and  sulphur,  are  as  follows: — 
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'8  to  mc  thnt  [be  diSerenees  hare  nfened  to,  aio  dapendent,  as  in  other 
iwnoBs  or  quickness  of  cooling.  A  button  nhich  was  gianulu  when 
r^rucibls  rofrieerat«d  in  watai, — \iy  fusion  in  an  iron  motlor  In  which 
ited  from  cooling  quickly  by  pnmmity  to  a  fiio,  acquired  a  lamoUai 
Dad  anlLmon;  looks  like  liomhlende  rock  when  broken,  aa  lo  iIs  cryital- 
turc,  and  cannot  be  fuited  inlo  ■  globule  as  liquid  or  pure.  U  witt  nol  an- 
weli  for  tlifl  Qxperimant  of  throwing  on  the  board,  as  the  pure  metal. 
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Of  the  Compounds  of  Ajitimony  teith  Oxygen. 

Sesquioxidc  of  antimony  may  be  obtained  by  exp08Uig;i 
the  metai  to  heat  with  access  of  air;  by  moderately  roast- 
ing the  sulphide;  or  by  subjecting  the  sesquichloride  to 
water,  in  which  case  a  powder  precipitates,  called  jwu'def 
of  Algarolh,  from  the  name  of  the  physician  who  first  re- 
commended it  to  public  attention.  This  powder,  being 
an  oxyckloride,  by  digestion  with  the  carbonate  of  potadi, 
is  converted  into  the  sesquioxide. 

It  may  also  be  obtained  by  the  reaction  of  the  metal  1 
with  diluted  nitric  acid,  afterwards  repeatedly  digesting 
the  resulting  aubsalt  in  water,  until  this  liquid  no  longer 
reddens  litmus.  . , 

In  the  form  in  which  the  sesquioxide  is  obtained  by  j 
heat  and  air,  it  received  formerly  the  name  of  argentat  \ 
flowers  of  antimony. 

When  obtained  from  the  oxychloride,  the  sesquioxide 
has  a  tinge  of  gray.  If  the  sesquioxide,  as  procured  by 
the  last  mentioned  method,  be  heated,  it  takes  fire,  and  is 
converted  into  antinionious  acid.  The  sesquioxide  acta 
feebly  both  as  an  acid  and  a  base.  Combined  with  bitar- 
trate  of  potash,  it  constitutes  tartar  emetic,  and  is  the 
only  compound  of  antimony  with  oxygen,  which  is  con- 
sidered as  medicinal. 

Antimonious  acid  is  generated  by  digesting  antimony  in 
nitric  acid,  evaporating  the  liquid  to  dryness,  and  calcining 
the  residue ;  or  by  thoroughly  roasting  the  sulphide  of  an- 
timony with  access  of  air.  Antimonious  acid  is  white, 
tasteless,  infusible,  fixed,  indecomposable  by  heat,  and  in- 
soluble in  water. 

When  nitric  acid  is  added  to  a  solution  of  the  antinio- 
nite  of  potash,  the  antimonious  acid  is  precipitated  in  the 
state  of  hydrate.     In  this  state  it  reddens  litmus  paper. 

Anhydrous  atitimonic  acid  is  obtained  by  subjecting  the 
oxychloride  to  the  action  of  nitric  acid,  and  afterwai " 
exposing  the  resulting  mass  to  a  temperature  of  500' 
600°,  to  expel  any  excess  of  this  acid.  By  deflagrating 
the  metal  with  four  times  its  weight  of  nitre,  dissolvii^ 
in  water  the  resulting  mass,  and  afterwards  addmg  nitii 
acid,  which  combines  with  the  alkali,  hydrous  anlimonk 
acid  is  procured. 

Anhydrous  antimonic  acid  is  yellow,  tasteless,  and  at 
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Ibluble  in  water.  When  hydrous,  it  is  white,  and  has  the 
property  of  reddening  litmus. 

JuBt  at  the  moment  when  certain  antimonites  and  anti- 
moniates,  subjected  to  a  low  red  lieat,  lose  their  water  of 
crystallization,  they  give  rise  to  a  transient  light,  as  vivid 
as  would  result  from  a  true  comhustion.  Yet  they  incur 
in  consequence  no  change  in  weiglit.  Their  colour  is 
rendered  brighter,  and  they  become  less  susceptible  of  de- 
composition by  acids.  This  result  ensues  especially  with 
the  antimoniates  of  copper,  cobalt,  and  zinc. 

Sulphuric  acid,  when  cold  or  diluted,  does  not  react 
with  antimony,  but,  when  warm  and  concentrated,  is  par- 
tially decomposed,  evolving  sulphurous  acid,  and  forDiing 
a  sesquioxide  of  the  metal,  with  which  the  undecomposed 
acid  combines.  By  water  the  acid  may  be  for  the  most 
part  removed  from  this  sulphate,  so  as  to  cause  in  it  an 
jxccss  of  oxide  so  great  as  to  render  it  competent  for  the 
)roduction  of  tartar  emetic,  by  digestion  with  the  bitar- 
rate  of  potash.  In  this  case,  the  excess  of  oxide  in  the 
ulphate,  and  the  excess  of  acid  in  the  bitartrate,  unite, 
oDverting  the  latter  salt  into  the  double  tartrate  of  pot- 
^h  and  antimony,  or  tartar  emetic. 

The  reaction  of  diluted  nitric  acid  with  antimony  is 
[iiite  analogous  to  that  already  described  in  the  case  of 
(ismuth.  According  to  Berzeliu^,  a  subnitrate  results, 
vhich  may  be  decomposed  by  water  as  already  stated, 
lod  converted  into  a  hydrated  sesquioxide.  But  Thenard 
nforms  us  that,  if  this  metal  be  subjected  to  nitric  acid, 
t  is  converted  into  hydrous  antimonious  acid  (acidc  anti- 
nonieux  blanc  et  hydrate).  Possibly  the  difference  may 
mse  from  the  acid  being  in  one  case  concentrated,  in  the 
■her  dilute. 

W  O^tAe  Compounds  of  ArUimony  leith  the  Halogen  Clau. 
^8e»pHehloride  of  antimony  may  be  obtained,  as  Thenard  otleges,  by 
listilling  llie  melal  with  the  bichloride  of  ntercury;  also  by  the  reaction 
>r  aqua  regia  with  meinllic  antimony,  and  Bubaequent  distillation  of  the 
"csulling  liquid,  collecting  the  product  in  a  fresh  receiver  when  it  becotnea 
ileaginous  in  ita  consistency.  He  recommends  as  jireferable,  however, 
he  action  of  chlorohydric  acid  on  the  sesquisulphide  with  heat,  allowing 
:be  aulphydric  add  gas  to  eacupe  into  the  &m.  The  resulting  liquid  is  lu 
\>B  decanted,  and  concentrated  by  heat  in  a  retort  until  it  acquires  an 
sleaginous  consistcacy- 

Tbo  scsquichloride  has  been  designated  as  the  butter  of  antimony,  U 
ia  while,  semi  (ran  spa  rent,  very  CAUstic,  fusible  below  n  boiling  heal,  and 

ptall^ble  in  tetrahedroofl  by  refrigeration.    It  is  volatile  at  a  heat  be- 
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low  redoGss,  and  deliquescent,  so  as  lo  be  liqueTied  by  exposure  to  air.    li 
has  oln^dy  been  mentioned  that  by  subjectuig  this  chloride  to  copioui 
oHusions  of  water,  (eight  times  its  weight,  accordbg  to  ThenardJ  an  oij*    j 
chloride  results,  Tonoerly  called  the  powder  of  Algnrolh. 

Bichloride  nf  antimony,  agreeably  to  the  Insi  menlioacd  author,  cxiot 
only  in  combination  with  rhiorohydric  acid. 

Perchloride  of  antimony  is  formed  by  the  combustion  of  the  inelal  id 
chlorine.  It  is  a  yellow  liquid,  sending  forth  thick  fumes  into  the  air, 
with  a  strong  and  disagreeable  smell.  It  attracts  moisture,  and  is,  in  con- 
sequence,  at  first  converted  into  a  while  crystalline  moss,  but  atterwanb 
liquelied  by  a  further  accession  of  humidity.  Yet  by  exposure  to  a  lBi|a 
quantity  of  water  with  heal,  it  is  decomposed,  and  deposites  hydrous  anB- 
monic  acid.  This  process  is  recommended  as  the  beat  for  obtaining  this 
comjiound. 

Of  the  Compounds  of  Antimony  vith  Sutpkur  and  Seletuum, 

It  has  been  slated  that  antimony  is  procured  principally  from  the  Da- 
live  sesquisulphide,  which  is  found  in  the  shops  under  the  name  of  mti- 
many,  the  metal  being  distinguished  as  the  regulu». 

Seaquiaulphide  of  OTitimony  may  be  furmed  from  its  ingredients,  by 
heating  the  metal  in  a  state  of  division  with  sulphur.  It  is  more  fusible 
than  metallic  antimony,  is  crystalline  in  texture,  lias  a  metallic  lusttc,  aad 
a  bluish-gray  colour.  It  may  act  either  as  a  sulphacid,  or  a  sulphobue. 
With  the  sulphides  of  tlic  alkalifiable  metals  it  forms  compounds  which 
ra^  be  designated  as  hyposulphantimonites. 

The  sesquisulphide  and  sesquioxidc  of  antimony  enter  into  combination 
with  each  other  in  different  proportions,  forming  compounds  which  musi 
be  called  oxysulphides,  consistcnily  with  the  nomenclaiure  adopted  in  the 
case  of  the  analogous  compounds  of  oxides  with  chlorides. 

When  the  seaquisulphide  of  antimony  is  roasted,  in  other  words  expond 
to  heat  with  access  of  iiir,  it  becomes  more  or  less  oxidized,  according  K 
the  duration  of  the  exposure,  the  degree  of  heal,  and  the  su|>ply  of  air. 
If,  after  the  roasting  has  continued  fur  some  time,  the  temperature  be 
raised  so  as  to  fuse  the  mass,  a  vitreous  compound  will  result,  the  comp^ 
sition  of  which  will  vary  according  to  the  ratio  of  the  oxide  to  tbe  sulphide, 
at  the  time  of  effecting  the  fusion.  According  to  Thomson,  wboi  tht 
ratio  of  the  former  to  the  latter  ia  as  five  to  one,  tbe  compound  has  At 
D&me  oT  crocun  of  antimony  ;  when  the  ratio  is  as  three  tooDe,  it  hasbetB 
called  Kver  of  antimony'  This  name,  however,  is  given  by  Berxedius  Id  i 
compound  of  the  sulphides  of  antimony  and  potassium  or  sodium. 

If  the  sulphide  of  antimony,  instead  of  being  poured  out  as  soon  as  it  ii 
melted,  be  kept  tor  a  great  length  of  time  in  a  state  of  fusion  in  an  buIIm 
crucible,  it  derives  a  portion  of  oxide  of  iron  and  sdicic  acid  from  the  etv- 
cible,  and  thus  forms  a  transparent  mass  oilM'  yellow- hyacinth  oohNTi 
commonly  called  the  plaw  of  antimony,  Tnt  glass,  according  to  Tbe- 
nard,  is  a  mixture  of  oxysulphide  of  autunoay,  with  the  ^licates  ofaoli- 
roony  and  iron. 

By  the  reaction  of  the  sesquiaulphide  of  antimony  with  the  alkalies 
either  caustic  or  carbonated,  and  either  in  the  wet' 4;  dry  way, 


ft  plicated  reaction  ensues,  by  which  the  aniimoiiy  of  the  sulphide  is  nvttB 

H  or  lesa  oxidized,  the  ineital  of  the  alhali  more  or  less  lAilphurized;  wMtll 

^B  the  residual  sulphide  of  antimony,  acting  as  a  sulphacid,  combines  moitfl 

^^^^^^iesi  with  the  resulting  aulpliobasc  of  the  alkalifiable  meinl.  S 
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'  The  cxICDt  lo  which  (he  scsquisulphide,  in  the  resulting  sulphosalt,  can 
te  retained  by  (he  aulphobtisc  in  an  oqiieoua  solution,  appcam  dcpende:il 
ipon  temperature.  Hence,  whether  the  sulphtisalt  be  produced  in  ihe  dry 
vay  and  dissolved  in  hot  water,  or  be  generated  by  boiling  the  ingredients 
a  this  liquid,  the  scsquisulphide  precipiliates  by  relVigcration. 

The  precipitate  thus  obtained,  under  the  name  of  kermei  mineral,  was 
o  much  in  vogue  in  France,  about  a  century  oyo,  as  lo  induce  the  govem- 
nent  or  that  country  to  purchase  from  a  surgeon  oriho  name  of  La  Ligo- 
TC,  the  art  of  preparing  il. 

Thenard  alieijes  that  it  appears  from  (he  analysis  of  Henry,  Jr.,  that 
he  composition  of  kermea  varies  according  to  ihe  process  employed  for 
ts  production.  When  prepared  by  tailing  the  scsquisulphide  in  a  solu- 
ioD  ofcar&onate  of  potash  or  soda,  kermes  may  be  considei«d  as  a  hydniled 
ixysulphide;  but  when  procured  by  boiling  the  scsquisulphide  in  &  solu- 
roti  of  can»tic  potash  or  soda,  or  hyfution  with  ihcm  or  their  carbonaleti, 
s\d  subsequent  solution  in  hot  water,  it  is  a  hydrated  sesquisulpbide,  COD- 
aining  very  little  if  any  oxide.  As  obtained  by  precipitation  from  tartar 
nieiic  by  aulphydric  acid,  it  is  a  pure  hydrated  scsquisulphide.  After  the 
.ermes  has  precipitated,  a  portion  of  the  scsquisulphide  still  remains  iif 
nion  with  the  sulphobase.  Hence,  on  the  addition  of  an  acid,  a  further 
recipilation  takes  place,  both  of  the  ses(|uisulphide  of  antimony,  and  the 
ulpfaur  of  the  sulphobase;  and  these,  either  by  combination  or  mixture, 
onstitute  the  golden  sulphur  of  anliinony,  another  well  known  pharma- 
eutical  preparation. 

According  to  the  analysis  of  Henry,  Jr.,  as  quoted  by  Thcnard,  tlm 

omposition  of  kermes,  when  obtained  in  Ihe  wet  way  by  carbonate  of 

is  as  follows ; 

Scsquisulphide  of  antimony,      ....         62.-5 

Scsquioxidc  of  antimony,  ....         27.4 

Water, 10 

Soda,  

tJpon  the  whole  it  is  inferred  that  the  seaquisulphido, 

iMfrigeration  as  abovementioned,  combines  with  water  i 

■  that  when  the  process  is  conducted  in  the  wet  way  by  means  of  a 
Krbonated  alkaline  solution,  the  precipitating  hydraled  scsquisulphide 
ombines  wilh  the  sesquioxide,  forming  an  oxysulphide.  The  presence 
if  carbonic  acid  in  union  wilh  the  alkali  is  requisite,  in  order  to  enable  the 
nenstruum  to  form  and  dissolve  while  hot,  a  double  carbonate  of  the  alkali 
nd  sesquioside.  The  latter,  being  thus  taken  tip  by|  Ihe  aid  6f  heal, 
ubsequently,  in  consequence  of  the  refrigeration  and  its  affinity  for  the 
lydrated  sesquisulpbide,  precipttales  in  combination  wilh  this  sulphide,  as 
Iready  mentioned, 

The  officinal  preparation,  called  precipitated  mlpkurel  of  antimony,  is 
btained  by  adding  diluted  sulphuric  acid  to  a  solution  of  the  sesquiaul- 
ihide  of  antimony  in  a  hot  solution  of  causlic  potash.  A  preciphate  re- 
ulls  which  may  be  considered  as  a  mixture  of  kermes  mineral,  and  golden 
ulphur  of  antimony. 

Bigulphide  of  eiiiimony  is  obtained,  according  In  Thomson,  by  dissolv- 
[»g  antimonluu»  acid  in  chlortiiiydric  acid,  and  subjecting  the  resulling 
iciuid  to  sidphydric  acid.  I  infer  that  four  atoms  of  chlorohydrir  acid, 
x:tingon  two  aloms  of  antimony,  in  union  wilh  four  atoms  of  oxygen, 
kill  be  productive  of  a  bichloride,  uud  that  this 
^Hulphidc  by  reaction  with  llie  sulphjdric  acid. 


a  trace. 
I  precipitating 


L 


II  be  converted  into  a 
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The  bisulphide,  being  resolvable  into  the  acsquisulphide  and  sulphor  li; 
heat,  cannot  be  produced  by  the  fusion  of  its  constitueuU.  li  ul  of  v 
orange-rod  colour,  and  acts  as  a  suiphacid. 

Permlpkide  of  antimony  is  obtained  by  passing  sulphydric  acid  ihron^ 
a.  Hiluicd  solution  of  the  ;x;rch!ondc  of  this  melal,  lo  which  tartaric  aod 
has  previously  been  added.  Its  colour  tesc-mbles  that  of  the  bisulphidci 
though  somewhat  paler. 

Tho  selenide  of  antimony  is  obtained  by  heating  this  metal  with  sd^ 
nium.  Like  the  sulphide,  it  '\s  capable  of  entering  into  combination  with  itK 
oxide. 

265.  Experimental  Illustrations. 

Antimony  and  its  sulphide,  exhibited,  and  exposed  to 
the  blowpipe:  also,  the  crj'stals  and  solution  of  tartar 
emetic.  Kermes  mineral,  golden  sulphur,  and  precipi- 
tated sulphuret  of  antimony,  exhibited.  Antimony,  sub- 
jected to  acids.  Kermes  mineral,  precipitated  from  a 
solution  of  tartar  emetic  by  sulphydric  acid. 

0/  Tartrate  of  Potash  and  Antimony,  usually  caUed  Tartar 
Emetic. 

Before  concluding  the  subject  of  antimony,  I  deem  it 
expedient  to  subjoin  the  following  extract  respecting  tai^ 
tar  emetic,  the  most  useful  of  all  the  antimoniat  prepara- 
tions. It  is  quoted  from  an  article  upon  antimony,  fur- 
nished by  my  friend  Dr.  Bache  for  the  American  C^cto- 
poidia  of  Practical  Medicine,  edited  by  Dr.  Hays.  i 

"  Tartar  emetic,  called  correctly  the  tartrate  of  antimony  and  polssn  ja 
the  Dublin  and  United  States  PharmacoptEias,  is  a  colourless,  tnodonw    i 
salt,  possessing  a  nauseous  styptic  taste,  and  crystallizing  usually  io  rhoi^ 
bic  octohedrons-     When  prepared  by  means  of  the  nilro-murlatic  otiA^    , 
its  crystals  have  the  appearance  of  tetrahedrons.     As  it  occurs  io  tbe    ' 
shops,'  it  is  in  the  form  of  a  white  powder,  formed  by  the  pulverization  ft  ' 
the  crystals.     The  crystals,  when  exposed  to  the  air,  effloresce  aligbtl;    I 
and  become  opake.     Tartar  emetic  is  insoluble  in  alcohol,  but  dissolves  jo    I 
fourteen  limes  its  weight  of  cold,  and  about  twice  its  weight  of  buing 
water,     its  aqueous  solution  reddens  litmus,  and  undergoes  spoDtaneooi 
decomposition  by  keeping.     According  lo  Berzdius,  the  proloxidef  is  pi»    I 
cipitatcd  from  the  solution  of  this  salt  by  sulphuric,  nitric,  or  muriatic  Bcwt 
but  not  by  the  alkalies.     Agreeably  to  Turner,  a  little  pure  potass  thro«i 
down  the  protoxide  from  a  solution  of  tartar  emetic,  but  lakes  it  up  ageJih 
if  added  in  excess.     According  to  the  same  authority,  the  alkaline  carbon- 
ates  throw  down  the  protoxide  much    more  completely.     Turner  *lici 
admits  that  the  mineral  acids  throw  down  a  precipitate;  but  instead  of 
considering  it,  with  Berzelius,  (he  protoxide,  he  states  it  to  consist  of  creun 

*  Oxychlohda.  t  Se*guioiide. 
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T  and  a  subaall  ofantiniony.  Il  must  be  recollected,  however,  that 
I  trying  any  of  these  precipitations,  the  Bolutioo  of  the  Qnlimonial  salt 
niii9l  be  strong,  and  the  several  precipitants  not  added  too  freely,  other- 
.wiae  they  will  produce  no  ctTecI. 

"  Tartar  enietic  is  precipilaled  in  a  very  characteristic  manner  by  sul- 
phuretted hydrogen,  which  throws  down  an  orange-red  precipitate,  con- 
aisting  ot'hydrated  sesquisiilphuret  of  antimony. 

"  When  tartar  emetic  is  pure,  it  should  exhibit  its  appropriate  crystal- 
lioe  appearance,  and  be  entirely  soluble  in  distiUed  water,  lis  solution 
■bould  not  be  precipitated  by  muriate  of  baryta,*  oxalate  of  ammonia,  acid- 
ulous nitrate  of  silver,  or  acidulous  acetate  of  lead.  A  precipitate  by  the 
first  reagent  indicates  sulphuric  acid;  by  the  second,  lime;  by  the  third, 
■Miriatic  acid;  and  by  the  fourth,  cream  of  tartar.  The  most  usual  impu- 
■ities  which  it  contains,  are  uncombincd  cream  of  tartar,  tartrate  of  lime, 
Klioa  and  iron,  and  sulphate  of  lime.  Cream  of  tartar  is  present,  usually 
either  from  its  having  been  used  in  ejtcess  in  preparing  the  salt,  or  from 
fiaudulent  admixture.  Tartrate  of  lime  is  derived  from  the  cream  of  tar- 
tar, which  always  contains  this  impurity,  as  found  in  the  shops.  Il  is  apt 
to  form  on  the  surface  of  the  crystals  of  tartar  emetic  in  crystalline  tufts, 
which  are  easily  brushed  off.  Silica  and  iron  are  liable  to  be  present 
when  glass  of  antimony  has  been  employed  in  preporing  ihe  anlimonial 
salt,  and  the  evaporation  has  been  carried  too  far.  Sulphate  of  lime  is 
sometimes  an  impurity,  when  tartar  emetic  has  been  prepared  by  means 
of  the  subsulphate.  According  to  Serullas,  tartar  emetic  as  ordinarily 
prepared,  and  all  the  other  antimonial  preparations,  usually  contain  a  mi- 
nute portion  of  arsenic,  derived  from  the  native  sulphurct  of  antimony, - 
which  almost  always  contains  this  dangerous  metal.  Its  presence  in  tar- 
tar emetic  may  be  detocled  by  exposing  the  salt  to  the  action  of  the  blow- 
pipe, when  the  peculiar  odour  of  the  arsenic  will  be  perceived.  This  dan- 
gerous impurity,  however,  is  not  present  in  well-crystallized  tartar  emetic, 
a  fact  which  should  form  a  strong  additional  motive  with  the  apcrthecaiy, 
always  to  purchase  this  antimonial  in  crystals. 

"  Besides  being  decomposed  by  the  mineral  acids,  the  alkalies  whether 
pure  or  carbonated,  sulphuretted  hydrogen,  and  hydro9ulphales,f  the  same 
eflect  is  produced  by  many  other  substances.  Thus,  it  is  decomposed  by 
some  of  the  metals  and  their  oxides,  by  lime-water  and  muriate  of  lime^ 
and  by  the  iuxtate  and  subacetate  of  lead.  This  antimonial  salt  is  also 
afiecled  by  common  water  when  holding  carbonate  of  lime  in  solution,  but 
not  when  containing  muriates,^  sulphate  of  lime,  or  extractive  molteri 
Hence  it  is  necessary  to  dissolve  it  in  distilled  water,  when  the  pore  effects 
of  the  n»edicine  are  designed  to  be  produced.  Other  substances  which 
decompose  tartar  emetic,  are  the  decoction  of  tamarinds,  lemonade,  whey, 
and  generally  all  bitter  and  astringent  vegetables,  such  as  Peruvian  bark, 
rhubarb,  galls,  catechu,  Ate.  Of  these  different  substances,  some  precipi- 
tate the  antimonial  oxide,  and  others  produce  now  salts  with  it,  either  solu- 
ble or  nearly  insoluble;  but  it  by  no  means  follows  that  ihey  render  the 
tartar  emetic  inert.  On  the  contrary,  the  ordinary  effects  of  the  medicine 
are  produced,  though  by  the  agency  of  the  new  combinations  formed. 
Some  doubt,  however,  may  be  entertained  whether  this  remark  will  apply, 
to  the  effects  of  the  bitter  and  astringent  vegetable  medicines,  which  owe 
their  power  of  decomposing  laslar  emetic  lo  the  presence  of  tannin,  which 
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rorms  an  insoluble  compound  with  ihc  oxide  of  anlimony.  Ncvertheieai, 
Laennec  has  remarked  that,  though  ctochona  and  inrusions  of  oibcr  ti%& 
tables  precipitate  tartar  emetic,  still  the  new  corupounds  rormed  have  ^ 
same  properties  as  tliose  of  iho  larlnr  emetic  itself.  It  is  difEcult  to  belmv 
this  statement  without  some  qualilicalioo ;  as  the  evidence  is  very  StioBf 
in  proof  of  the  influence  of  bark  and  other  astringeul  vegetables,  in  lA 
gating  thcelTects  of  an  over-dose  of  tartar  emetic.  The  truth  probably  i^ 
that  the  tannate  of  antimony,  produced  by  these  vegetables,  la  not  iwR, 
though  by  no  means  so  active  as  the  undeconi posed  sail;  iind  that  it  ii 
capable  of  producing  similar  effects  with  tartar  emetic,  provided  it  be  gi»ui 
in  a  sufficient  dose. 

"  Tartar  emetic  enters  into  hut  ihrce  officinal  preparations,  contaJDpd  in 
the  British  and  United  Stales  i'hnrmacop>cias>  These  sre  sutiiDooiil 
wine,  tartar  emetic  ointment,  and  Coxe's  hive  syrup  (mel  ac&lm  comft- 
situm.  Ph.  U.  S.>" 

Tartar  ennetic  may  be  considered  aa  consisting  of 

Two  equivalents  of  tartaric  acid,  66  x  2  ==  132 

One  of  aesquioxide  of  antimony,  153 

One  ofpotash,  49 

Two  of  water,  8x2=     IS 

350 


SECTION  XIII. 

OF  METALS  PROPER  OF  MINOR  IMPORTANCE. 

OF   PALLADIUM. 

Besides  iron,  copper,  and  lead,  four  metals,  palladium,  rhodium,  in- 
dium, and  osmium,  are  found  in  union  with,  or  accompanying,  the  iMm 
grains  of  platinum,  as  imported  from  South  America.  Accordingly,  iTi 
portion  of  that  assemblage  of  metallic  particles,  of  which  the  native  gnn 
of  platinum  above  mentioned  form  the  principal  part,  be  digested  in  afU 
regia,  the  platinum,  together  with  the  jialladium,  rhodium,  copper,  ■■ 
lead,  will  lie  dissolved;  while  a  black  powder  will  he  bft,  consistiiig  W 
osmium  and  iridium  in  combination  with  each  other.  < 

The  platinum  may  be  precipitated  Grom  this  solution,  as  has  beeo  ^ 
ready  stated,  by  the  addition  of  the  cliioride  of  ammonium.  Next  all  ^ 
noble  metals  present  are  precipitated  by  a  bright  plate  of  zinc  Tbrf 
are  then  digested  in  chlorohydric  acid,  and  subsequently  redissolved  JB 
aqua  regis.  Any  excess  of  acid  in  the  resulting  solution  should  be  w»- 
Iralized  by  carbonate  of  soda.  AAerwards  the  palladium  may  be  piv> 
pitated  by  the  addition  of  the  bicyanide  of  mercury.  Frorei  the  cyaniifcof 
palladium,  thus  precipitated,  the  palladium  may  be  liberated  by  a  n>I 

Mr.  Cloud,  of  tlie  United  States  mint,  found  this  metal  in  a  nalive  bIIhj 
of  gold  which  was  brought  from  Brazil. 

Palladium  resembles  platinum  in  colour  and  lustre,  hul  is  more  fu 
and  rather  harder.     Its  Bpecific  gravity,  also,  is  much  loss,  beii% 
11.5.     It  is  malleable  and  ductile,  tuid  insusceptible  of  oxidizenKni 
beat  and  air. 
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h  OF  RHODIUM. 

ifter  the  pnltadium  han  been  precipitated,  the  solulitin  contains  the  chIor> 
Is  of  rhodium,  mercury,  and  several  other  melals,  united  with  the  chlo- 
I  (or  chlorobaac)  of  sodium,  resulting  frbiii  the  carbonate  of  soda,  em* 
red  oa  above  mentioned  to  neutralize  ihe  excess  of  add.  There  is 
wise  present  a  portion  of  Ibe  undecomposed  bicyanide  of  mercury. 
ler  these  circumsiaDces,  chlorohydric  acid  must  be  added,  in  order  to 
vert  this  bicyanide  into  a  bichloride,  and  the  solution  aRerwards  must 
tVBporsted  lo  dryness.  The  resulting  moss  should  then  be  washed  with 
>hol,  which  dissolves  all  the  chlorosalts  of  sodium  present,  except  the 
)rbodiate.  Rhodium  is  obtained  from  this  by  heating  it  in  a  cur- 
t  of  hydrogen  which  removes  the  chlorine  combined  with  the  metal,  the 
wide  of  sodium  being  removed  by  water. 

tbodiuni,  according  to  Berzeliua,  cannot  be  fused,  except  by  subjecting 
nhen  in  the  state  of  a  sulphide  or  arseniuret,  to  an  intense  heat.  After 
on,  it  resembles  platinum  in  appearance.  Its  salts  are  generally  either 
or  yellow.     It  is  named  from  its  chloride,  which  is  rose-red. 

OF  IRIDIUM. 
Vhen  the  black  powder,  consisting  of  the  osmiurel  of  iridium,  which 
ains  as  above  slated,  afler  we  have  subjected  the  crude  grains  of  plati* 
1  to  aqua  regia,  is  heated  with  soda,  an  osmiate  of  soda  is  formed, 
ch  may  be  removed  by  dissolving  it  in  water.  The  remaining  moaa 
>  be  treated  with  aqua  regia,  in  which  the  iridium,  converted  into  a 
>ride,  dissolves.  By  repeating  this  process,  the  whole  is  finally  con- 
ed into  solutions  of  chloride  of  iridium,  and  of  osmiate  of  soda. 
'rom  the  former,  crystals  of  the  chloride  of  iridium  may  be  obtained 
evaporation,  which,  on  exposure  to  a  strong  heat,  yield  ntetallic  iri- 

ridium  resembles  platinum  in  appearance,  and  is  probably,  Bccording 
Thomson,  the  heaviest  of  the  metals.  When  heated  in  contact  with 
nearly  to  redness  it  is  oxidized,  but  on  the  application  of  a  higher  tem- 
ature  it  is  again  restored  to  the  metallic  state.  Thenard,  however, 
es  that  iridium  which  has  been  subjected  to  a  strong  heat,  is  absolutely 
uceptible  of  oxidizement  by  tbc  air  at  any  temperature. 
ridium  is  said  to  be  the  most  refractory  of  the  metals,  having  never 
n  fused  until  it  was  placed  between  the  poles  of  Children's  large  gnl- 
ic  battery.  It  was  then  converted  into  a  globule,  possessing  metallic 
iteness  and  lustre. 

OF  OSMIUM. 
'istnic  acid  may  be  obtained  by  distilling  the  solution  of  osmiate  of  soda, 
cured  as  above  described,  with  nitric  acid  nl  a  gentle  heat.  The  oaraic 
i  posses  over,  and  may  allerwarde  be  reduced  bj  the  addition  of  chlo- 
lydric  acid  and  mercury.  It  is,  however,  alloyed  with  mercury,  and 
jgleJ  with  ihe  chloride  of  this  metal.  These  may  bo  sublimed  by  a 
ille  heat,  leaving  pure  :netailic  osmium. 

Obtained  in  this  way,  osmium  is  of  a  grayiah-black  colour;  but  if  a 
lion  of  the  volatilizwJ  oside  be  made  lo  pnss  with  a  current  of  hydrogen 
ough  a  glass  tube,  the  osmium  is  deposited  in  the  form  of  a  ring  of  mc- 
ic  brilliancy,  and  of  a  while  colour.  It  is  so  difficult  to  fuse  in  close 
isels,  and  so  liable  to  be  volatilized  when  heated  in  the  air,  that  it  has 
y  been  obtained  in  powder,  or  in  minute  friable  masses.     Its  volatilily 
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in  the  air  arises  from  its  great  susceptibility  of  oxidisement,  and  the  Tohp 
tility  of  its  oxide,  the  fumes  of  which  are  pungent* 

OF  NICKEL. 

A  mineral  had  been  known  to  the  German  miners  by  the  name  of  ki^ 
fer  nickel,  or  false  copper.  About  the  middle  of  the  last  century,  Cn» 
stedt  alleged  the  existence,  in  this  mineral,  of  a  peculiar  metaK  Netow 
theless,  the  metal,  thus  indicated,  was  considered  by  many  chemists  as  ■ 
alloy  of  copper  with  iron*  About  1775,  Bergmann  coofirmed,  by  at 
analysis,  the  allegation  of  Cronstedt. 

Kupfer  nickel  is  principally  an  arseniuret  of  nickely  but  contaiu,  abi^ 
sulphur,  iron,  cobalt,  and  copper*  Nickel  is  extricated  from  it  by  a  1^ 
dious  and  intricate  process. 

Nickel  is  of  a  white  colour,  difficult  of  fusion,  malleable  and  not  aidy 
oxidized  by  the  air.  It  is  so  susceptible  of  the  magnetic  iofluence  dm  a 
permanent  magnet  may  be  made  of  it*  If  sufficiently  abundant,  nidri 
would  be  very  valuable  in  the  arts*  It  combines  with  oxygen,  diionoe^ 
iodine,  cyanogen,  sulphur,  and  the  metals.  Its  oxides  are  soluble  in  the 
acids,  and  in  their  habitudes  are  much  like  those  of  copper*  The  scdufai. 
lity  of  its  protoxide  in  caustic  ammonia,  is  an  important  means  of  tef^ 
rating  nickel  from  its  alloys* 

OF  CADMIUM. 

This  metal  has  been  derived  only  from  the  ores  of  zinc*  Daring  tk 
reduction  of  calamine,  a  substance  sublimes  which  yields  from  12  to  20  per 
cent,  of  cadmium. 

A  solution  of  the  ore  in  sulphuric  acid,  being  impregnated  with  snipliy* 
dric  acid,  the  cadmium  precipitates  in  the  state  of  sulphide,  mixed  widi  i 
little  sulphide  of  zinc,  and  sometimes  with  sulphide  of  copper.  When  these 
sulphides  are  exposed  to  chlorohydric  acid,  the  sulphur  unites  with  tbe 
hydrogen  of  the  acid  and  escapes,  and  they  are  converted  into  chlorides. 
Carbonate  of  ammonia  being  added  to  the  resulting  solution  of  cadmium 
and  zinc,  a  carbonate  of  cadmium  is  alone  precipitated.  From  this,  tlie 
metal  may  be  obtained  by  means  of  heat  and  charcoal. 

Cadmium  is  almost  as  white  as  tin,  is  without  odour  or  taste,  very  brfl> 
liant,  and  susceptible  of  a  fme  polish.  It  is  crystallizable,  malleable,  and 
ductile,  and  so  soft  as  to  yield  easily  to  a  file  or  knife.  Its  specific  gn> 
vity  is  8.6  nearly.  It  is  too  scarce  to  be  usefully  applied.  It  fuses  and 
volatilizes  at  a  very  low  tcmiKjraturc. 

OF  CHROMIUM. 

This  metal  is  found  in  nature  only  in  the  state  of  an  acid  and  of  an  oi- 
idc,  generally  united  with  lead  or  iron,  though  in  some  instances  pure. 
It  was  in  the  native  chromate  of  lead,  found  usually  in  crystals  which  rifil 
the  ruby  in  colour,  that  this  metal  was  discovered  by  Vauquelin*  A  com- 
pound of  the  sosquioxides  of  chromium  and  iron,  called  incorrectly  chro- 
mate of  iron,  is  found  plentifully  in  this  country.  The  scsquioxide  of  chro- 
mium, when  intensely  heated  with  charcoal,  is  reduced,  but  not  without 
great  difiiculty. 

The  presence  of  chromium  in  a  mineral  may  be  detected  by  the  fusion 

of  a  minute  portion  before  the  blowpipe  with  borax,  or,  preferably,  with 

♦>^«  qmmoniacal  phosphate  of  soda.     In  this  way,  a  globule  of  a  bcaudfiil 

d  green  results,  which  preserves  its  colour  either  in  the  oxidizing. 
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If  reducing  flame.  By  tbese  characteristics  it  may  be  dietinguisbod  rrom 
opper  or  uraoium;  since  uranium  communicales  a  green  hue  only  lu  ihe 
educing  flame,  copper  only  in  the  o;ctdizing  Aumc. 

Chromium  is  a  hard,  brittle  metal,  of  a  grayish-white  colour,  and  very 
ifficult  to  fuse.  Its  specjiic  gravity  is  5.9.  Its  equivalent  is  28.  It  foritis 
rith  oxygen  a  sescjuioxide  and,  an  acid.  The  compound,  heretofore  cou- 
idered  as  a  deutozide,  proves  to  be  a  mixture  of  sGHquioxlde  and  chromic 
ad. 

The  sesquioxide  of  chromium  is  easily  obtained  by  exposing  the  chro- 
imte  of  mercury  to  heat,  by  which  the  mercurial  oxide  and  a  portion  of 
be  oxygen  of  the  acid  are  expelled,  while  the  sesquioxide  remains  in  the 
ano  of  a  gmss-grecn  powder, 

t(  may  also  be  obtained  in  the  slate  of  hydrate,  by  mixing  solutions  of 
be  bichromate  of  potash,  and  pcrsulphidc  of  potassium.  Thia  sesquioxido 
>  of  a  beautiful  green  colour,  which  it  communicales  to  somo  of  its  com- 
ouads,  being  in  fact  the  colouring  matter  of  the  emerald.  Il  appears  to 
ct  both  as  an  acid  and  a  base. 

In  common  with  zirconia  and  oxide  of  titanium,  iheaesquioxide  of  chro- 
ihun,  when  obtained  from  the  hydroio  by  expelling  the  water  by  a  gentle 
kU,  becomes  incandescent  at  a  certain  elevation  of  temperature,  in  a  way 
faicfa  is  altogether  unaccountable.  At  (he  same  time  it  loses  its  property 
'solubility  in  acids  which  it  before  possessed. 

Chromic  acid  may  be  procured  by  the  foliowing  process : — Lei  four  parts 

ihe  chromale  of  lead  be  mixed  with  three  parts  of  (lUoride  of  calcium, 
)th  finely  pulverized.  Then  let  five  parts  of  sulphuric  acid,  deprived  of 
ateras  far  as  possible  by  boiling,  be  added,  and  lei  the  whole  be  distilled 

a  leaden  or  platinum  alembic  at  a  gentle  heat,  A  red  gas  will  be  de- 
iloped,  producing  in  the  air,  yoUow  fumes.  This  red  gas  is  a  fluoride  of 
irociHum,  which,  on  being  passed  into  water,  is  converted  into  fluohydric 
■d  diromic  acids.  The  former  may  be  expelled  by  evaporation,  the 
UOfnic  acid  remaining  in  a  state  of  purity. 

If  instead  of  causing  the  gaseous  fluoride  of  chromium  to  enter  water,  it 
)  conducted  by  means  of  a  lube  into  a  receptacle  of  platinum,  closed  with 
KHStencd  paper,  and  having  a  small  quantity  of  water  at  the  bottom,  the 
H  will  be  decomposed  by  the  aqueous  vapour,  mingled  with  the  air  of  the 
iaaet,  and  wilt  depoaite  first  about  the  mouth  of  the  tube,  and  allerwarda 
iroughoui  Ibo  vessel,  a  flocky  vegetation,  consisting  of  ruby-red  cryBtala 
r  chromic  acid. 

Chromic  acid  is  solid,  soluble  in  water,  and  capable  of  reddening  litmus. 
;  is  decomposed  by  beat,  and  by  most  substances  which  possess  an  aifi- 
ity  for  oxygen.  It  possesses  an  acid  and  astringent  taste,  and  a  ruby -red 
alour,  which  it  communicales  to  some  of  its  compounds,  as  already  no- 
oed  In  the  case  of  native  chromale  of  lead,  it  forms  striking  and  beau- 
Tal  precipitnles  with  various  metals.  That  which  it  produces  with  lead, 
lof  a  splendid  orange-yellow,  nnd  is  much  used  as  a  pigment.  The  eo- 
>ur  of  the  slrrak  left  by  the  red  crystals  above  described,  when  nibbed 
ipon  a  hard  surface,  is  likewise  orange-yet  low ;  and  the  same  chan^fe  en- 
nea  from  pulverization.  The  bichromate  of  potash  is  poisonous,  and  dp 
bubt  the  ocid  and  its  compounds  nre  gtmernlly  poisons. 

Chromic  acid  creates  a  stain  upon  thi'  skin  which  cannot  be  rrmovof}'' 
raiter,  unless  it  contain  an  alkali.     Where  there  is  any  abrasion  offl 
titicle,  the  presence  of  this  acid  will  induce  a  painful  ulcer. 
ons  to  which  dyers  are  exposed  who  employ  bichromate  o' 
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dye-Bluff.     These  sores  have  been  alleged  to  arise  even  from  e  _ 
the  vapours  or  fumes  of  this  acid.     When  received  inlo  the  stomach,  d 
mic  acid  is  a  virulent  poison.     Dr.  Ducaie]  inrorms  ua  of  the  < 
labourer  who  died  in  five  hours,  after  drawing  into  his  mouth  from  t 
phoD,  a  solution  of  bichromate  of  potash ;  although  he  was  under  tbe  ij 
pression  that,  by  spitting,  lie  had  avoided  taking  it  into  his  stomsch.      ' 
Dr.  Ducalel  suggests  an  alkaline  solution  as  the  best  antidote;  as  bed| 
cribes  the  poisonous  property  of  the  bichromate  mainly  to  the  e 
acid.     Ad  instance  of  a  criminal  prosecution  for  poisoning  by  tl 
question  is  mentioned,  which  failed  from  that  ignorance  of  its  deleli 
properties  which  Dr.  Ducalel's  communication  must  tend  to  correct.* 

OF  COBALT. 

This  metal  is  found  in  nature,  principally  in  union  with  arsenic.  I^ 
the  exjxtsure  of  the  mineral,  thus  cuntaining  it,  to  heat,  with  acoenaT 
air,  the  arsenic  is  oxidized  and  expelled,  and  the  cobalt  is  reduced  lolb 
slate  of  an  impure  oxide,  called  taffre.  By  fusion  with  the  aJkall  ud 
sand,  zaffrc  yields  a  beautiful  blue  glass,  which,  when  pulverized,  htm 
the  blue  vitreous  powder  called  small. 

Cobalt  may  be  obtained  from  its  oxide,  by  intense  igniKon  with  cW 
coal,  or  by  subjecting  it,  while  ignited  in  a  porcelain  tube,  to  a  current  c/ 
hydrogen. 

Cobalt  is  brittle,  of  a  grayish-white  colour,  and  feeble  lustre.  ltsif» 
cific  gravity  is  9.5  nearly.     It  requires  a  high  temperature  for  its  fusMO. 

OF  COLUMBIUM. 

A  metal  discovered  by  Hatchett,  in  1801,  in  a  mineral  obtained  fiva 

America,  received  the  name  of  columhium.     It  was  aderwards  doeekl 

by  Ekeberg  in  two  Swedish  minerals,  calljid  tanlahie,  and  yttroiaDlaSk; 
and  being  supposed  to  be  a  new  metal,  was  called  tantalum.  WolIuioB 
afterwards  demonstrated  the  identity  of  tantalum  with  columbium. 

This  melal  is  found  in  the  state  of  an  acid,  combined  either  with  dmd^ 
nese  and  a  little  iron,  or  with  yttria.  Bolh  combinations  are  very  rw& 
It  may  be  reduced  by  heating  the  fluocolumbate  of  potassium,  or  fluonfa 
of  columbium  and  potassium,  with  potassium. 

Columbium  is  a  brittle  metal,  of  an  iron-gray  colour,  having  the  tnel*!- 
lic  lustre.     It  is  infusible  by  the  most  intense  heat  of  the  forge  fire. 

OF  MA^GANESE. 

Manganese  exists  in  nature  principally  in  the  stale  of  a  block  bicuide; 
rarely  in  that  of  phosphate,  sometimes  in  the  stale  of  sulphide^  The  uti- 
lily  of  this  oxide,  as  a  source  of  oxygen  gas,  as  an  ingredient  in  glass,  mni 
as  one  of  the  agents  for  evolving  chlorine,  has  been  noticed.  Tbe  tiMU' 
is  obtained  by  heating  the  oxide  intensely  with  charcoal  or  potaasium.  1' 
is  gray,  brittle,  hard,  and  scarcely  fusible  by  the  highest  heat  of  the  forp\ 
or  air  furnace.  In  the  metallic  slate,  it  has  not  been  applied  to  any  uael'ul 
purpose. 

Manganese  is  remarkable  for  the  numlier  of  compounds  which  i(  liaiw 
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wilh  oxygen.  Besides  a  protoxide,  sesquioxide,  and  bioxide,  it  forms  two 
Bcids,  the  maaganic,  and  oxymanganic  or  pcramnganic  acids.  The  salts 
of  the  latter  detonate  with  conDbuslibles. 

When  the  black  oxide  (bloxide)  is  Tused  wilh  nilrate  of  potash,  a  com- 
pound results,  of  which  ihe  aqueous  solution  becomes  blue,  violet,  and  red, 
and  finally  colourless.  Hence  this  comiiound  has  been  called  chameleon 
miofral. 

These  colours  appear  to  be  produced  by  the  conversion  of  the  manga- 
nate  of  potash,  into  an  oxymanganate. 

OF  MOLYBDENUM. 

This  metal  is  only  found  in  the  state  of  sulphide,  resembling  plumbago, 
or  united  wilh  oxygen  and  lead  in  the  state  of  molybdate  of  k'ad.  From 
the  sulphide  it  is  obtained  by  ebullition  wilh  nitric  acid,  which  acidifies 
both  the  sulphur  and  metal.  The  sulphuric  acid  being  expelled  by  heat, 
Ihe  niolybdic  acid  is  decomposed  by  intense  ignition  with  charcoal. 

As  from  the  difficulty  of  fusing  it,  molybdenum  has  been  only  obtained 
in  small  grains,  its  properties  are  but  little  known.  It  is  Blle.ged  to  have  a 
high  degree  of  melaliic  lustre,  and  a  white  colour. 

OF  TITANIUM. 

"ntanium,  like  many  other  metals,  is  only  interesting  as  an  item  in  the 
knowledge  which  human  skill  and  assiduity  have  accumulated,  with  re- 
tpea  lo  the  materials  of  the  globe  which  we  inhabit.  It  is  obtained  by  se- 
parating the  oxide  from  the  substances  with  which  it  is  naturally  mixed, 
and  heating  it  intensely  with  charcoal. 

Titanium  was  first  ascertained  to  exist  in  the  state  of  oxide,  by  Mr. 
Gvegor,  in  a  mineral  called  mcnachanite.  It  was  subsequently  detected 
io  the  metallic  state  by  Dr.  Wollaston,  in  minute  cubic  crystals,  in  the  slog 
Ibund  at  the  bottom  of  a  smelting  furnace. 

These  crystals  were  conductors  of  electricity,  of  the  specific  gravity  of 
5.3,  and  hard  enough  to  scratch  rock  crystal.  In  colour  and  lustre,  they 
were  like  burnished  copper.  They  resisted  the  action  of  nitric  acid  and 
aqua  regia,  but  were  oxidized  by  being  healed  with  nitre. 

OF  TUNGSTEN. 

In  1781,  Scheele,  having  analysed  a  stone  known  by  the  name  of  lung- 
sten,  or  heavy  stooo,  concluded  that  it  consisted  of  an  acid  united  with 
lime.  Borgmann  aiispecled  the  radical  of  this  acid  to  be  metallic.  Messrs. 
D'Elhuyart  verified  his  conjecture,  by  heating  tungstic  acid  intensely  with 
cbercoal. 

Tungsten  is  grayish-while,  brillianl,  and  extremely  difficult  to  fuse.  Its 
^lecific  gravity  is  17.6. 

OF  URANIUM. 
Uranium  is  a  rare  production  in  nature,  and  has  scarcely  been  found  in 
sufficient  quantities  for  an  adequate  observalion  of  its  properties.  It  is 
stated  to  have  the  metallic  lustre,  a  reddish-brown  colour,  to  be  crystalline 
in  its  structure,  and  scarcely  susceptible  of  fusion  by  the  heat  of  a  forge 
fire. 
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OF  CERIUM. 

Cerium,  according  to  Vauquelin,  who  was  unaUe  to  obtain  it  in 
larger  than  the  head  of  a  common  pin,  is  a  wliite  brittle  meiaL  From 
some  experiments  made  by  Children  andTbomSto,  it  appears  to  besos- 
ceptible  of  volatilization. 

OF  VANADIUM. 

Vanadium  was  discovered,  in  1801,  by  Del  Rio,  in  a  lead  oie  fion 
Zimapan,  in  Mexico;  but  Collet  Descotils,  to  whom  the  mineral  was  seat, 
having  made  some  new  experiments  upon  it,  pronounced  it  to  be  an  ore  of 
chromium.     Del  Rio  himself  having  acquiesced  in  this  opinion 
nerally  adopted  until  1830,  when  Sefstrom  discovered  this 
a  variety  of  Swedish  iron,  and  in  the  scoria  of  the  forge 
had  been  wrought. 

Vanadium  resembles  molybdenum  in  appearance;  and  in  its  propeitia 
lies  between  that  metal  and  chromium. 
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266.  Experifnental  lUtistratums* 

Elxhibition  of  various  specimens  of  the  metals  men- 
tioned  in  the  preceding  pages.  Magnetic  influence  of 
nickel,  demonstrated.  Solutions  of  silver,  mercuiy,  aad 
lead,  precipitated  by  chromate  of  potash.  Sesquiozide  of 
chromium,  evolved  by  heating  the  chromate  of  mercoij. 
Exhibition  of  the  fluoride  of  chromium.  EflTects  of  eo- 
balt,  also  of  manganese,  upon  vitrified  borax. 


SALTS. 

It  has,  I  believe,  been  shown  in  my  letter  upcm  the 
Berzelian  nomenclature,  that  it  is  not  possible  to  give  a 
satisfactory  definition  of  a  salt,  whether  we  refer  to  pro- 
perties or  composition.  The  best  definition  which  I  can 
devise,  in  this  case,  is  that  a  salt  is  a  compound,  resulting 
from  the  union  of  at  least  two  acid,  acrid,  or  corrosive  in- 
gredients; forming,  agreeably  to  the  language  of  the  older 
chemists,  a  tertium  quid^  or  in  plain  English,  a  third  some- 
things  differing  materially  from  its  constituents.  It  should, 
as  Iconceive,  be  crystal  lizable,  and  soluble  either  in  water 
or  alcohol.  I  do  not  think  that  a  satisfactory  line  of  de- 
marcation can  be  drawn  between  salts,  acids,  and  bases. 
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Some  compounds  which  lean  so  much  towards  salidily*  in 
their  characteristics,  as  to  have  been  classed  with  salts, 
have  latterly  been  found  to  play  the  part  of  acids  or  bases, 
as  instanced  by  the  binarj-  halogen  salts.  Now  I  would 
consider  them  as  salts  when  acting  as  such,  and  as  acids 
or  bases  when  acting  as  acids  or  bases.  Berzeliua  liini- 
seif  has  suggested  this  kind  of  contingent  definition  in  the 
instance  of  water;  which  he  represents  as  acting  as  a 
base  witli  some  acids,  and  as  an  acid  with  some  bases. 
Thus  it  seems  possible  for  the  same  body  to  act  either  as 
an  acid,  a  salt,  or  a  base,  accordingly  as  it  may  bo  asso- 
ciated. 

As  respects  composition,  I  conceive  that  there  are  at 
least  three  groups  of  salts. 

1st.  Binary  sahne  compounds  of  a  halogen  element  and 
a  metal. 

2d.  Saline  compounds  of  acids  and  bases,  tertium  quids 
agreeably  to  the  definition  of  acidity  and  basidity,  page 

^b  Sd.  Saline  compounds  of  acids  with  organic  bases. 
^K  As  far  as  consistent  with  the  due  allotment  of  time,  I 
Hiave  given  an  account  of  the  1st  class  in  treating  of  the 
metals.  But  the  class  thus  constituted  are  capable  of 
combining  with  each  other,  and  with  the  electro-negative 
or  acid  compounds,  formed  by  the  union  of  their  halogen 
ingredients  with  non-metallic  radicals.  In  this  way  com- 
pounds are  produced,  which  Berzelins  designates  as  dou- 
ble haloid  salts.  1,  however,  consider  them  as  much  en- 
titled to  be  treated  as  saline  compounds  of  acids  and 
bases,  as  the  double  sulphides,  selenides,  or  tellurides, 
wliich  are  bo  treated  by  that  distinguished  chemist.  The- 
nard  coincides  with  me  in  opinion  on  this  subject,  as  I 
have  already  stated,  page  343. 

1  shaU  designate  the  salts  comprised  in  the  1st  and  2d 
groups  abovementioned  by  their  basacigen  ingredients. 
See  page  251.  Hence  the  nine  following  classes;  ory- 
sallx,  sii/phosalts,  sclenisalts,  tcUvrisalts,  chlorosalls,  liromo- 
salts,  iodosalls,  and  cyanosalts.  Of  these  the  first  four  are 
formed  by  the  amphigen  bodies,  and  the  rest  by  the  halogen 
bodies  of  Berzelius. 

*  I  UD  unnble  lo  refer  to  SDj  nqtlioiity  for  the  use  of  thia  word,  but  conceive 
myaelf  JuBtified  in  cmplojing  it,  u  \>j  iU  antlogy  with  aeiiktii,  it  must  be  under-  ^ 

rtood  bj  the  reader.  ^fl 
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OF    OXYSALTS. 
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In  describing  the  oxysalts,  I  shall  be  constrained  to 
confine  my  remarks  to  some  of  the  more  important  cha- 
racteristics of  each  of  the  sets  of  salts  formed  by  the  dif- 
ferent inorganic  oxacids  with  the  more  energetic  bases. 
Some  of  those  formed  by  acids  of  minor  importance  will 
be  omitted  altogether. 

The  student  is  referred,  for  an  account  of  the  nomen- 
clature of  oxysalts,  to  page  250. 

OF  CHLORATES. 
When  into  a  solulion  of  potnsh  (oxide  of  polassium),  chlorine  is  intro 
duced,  one  portion  of  il  combines  with  the  potassium,  sepnratiog  from  each 
atom,  [he  atom  of  oxygen  by  which  it  was  oxidized.  The  oxygea  thu 
liberated  from  acveral  atoms  of  the  metal,  coming  into  contact  with  another 
portion  of  chlorine,  forma  with  it  chlorous  acid.  Each  atom  of  the  Bcid, 
thus  formed,  unites  with  an  atom  of  potash,  producing  a  chlorite.  By  ocn- 
tinning  the  operation  until  all  the  potash  which  remains  free  is  decom- 
posed, that  which  has  meanwhile  united  with  the  acid  is  attacked  by  tJn 
chlorine,  and  the  oxy^n,  liberated  in  consequence  from  each  atom  of  the 
chlorite,  converts  another  portion  of  this  salt  into  a  chlorate.  This  ah, 
being  inferior  in  solubility  to  the  chloride,  precipitates  in  crystals,  which, 
being  subjected  to  boiling  water,  are  purified  by  the  recrystallizatioD  which 
cooling  induces. 

Properties- — The  chlorates  resemble  the  nitrates  in  deflogratiog  wilfi 
combustibles;  but  the  residuum  which  they  leave  is  always  a  chloride: 
tmd  the  deflagration  is  nwre  powerful  and  more  easily  ellected-  If  cliliv 
rate  of  potash  be  triturated  in  contact  with  sulphur  or  phosphonis,  an  ex- 
plosion ensues.  Salts  of  this  class  give  up  their  oxygen,  and  are  mn- 
verted  into  chlorides,  simply  by  being  heated.  They  are  almost  all  sohi- 
ble  In  water.  The  chlorate  of  the  protoxide  of  mercury  is  said  to  be  but 
sparingly  soluble. 

The  chlorates  are  not  of  much  use  in  the  arts;  but  the  facts  ascertained, 
and  the  phenomena  exhibited  by  means  of  them,  are  highly  inieresQn^. 
The  properties  of  the  chlorates  are  most  conveniently  illustrated  by  tbe 
chloiBte  of  potash- 
Priming  for  percussion  locks  has  been  made  by  mingling  the  chlonleof 
potash  with  combustibles.  In  like  manner,  matches  to  be  ignited  by  sul- 
phuric acid  have  been  contrived.  For  the  former  purpose  fulminate  oT 
mercury  is  preferable.  See  further  on,  page  421.  Alcohol,  or  any  of  tbr 
essential  oils,  oil  of  turpentine  for  instance,  may  be  ignited  by  meuwi/ 
chlorate  of  potash  and  sulphuric  acid. 

267.  Infammation  of  certain  Liqvids  by  meatu  of  Chlorate  of  PeU/A 

and  Sulphuric  Acid. 

About  as  much  chlorate  of  potash  as  may  be  piled  upon  a  half  cent, 

being  deposited  in  a  heap  amid  the  inflammable  liquid,  the  afliisioo  of  cob- 

'  d  sulphuiic  add  upon  the  heap,  causes  the  liquid  to  be  inflanieil. 


Aa  portions  of  the  liquid  are  sometimes  projected  into  the  air  in  a  state 
inflammation,  it  is  expedient,  for  tlie  security  of  tho  operator,  to  have 
e  glass,  used  to  convey  the  acid,  fasteneil  to  the  end  of  a  rod,  us  repre- 
Qted  in  the  cut. 

Agiceably  to  the  statements  made  al  pages  168,  169,  when  sulphuric 
ad  IS  poured  upon  chlorate  of  potash,  this  salt  is  at  first  partially  resolved 
free  chlorous  add,  and  oxychlorale  of  |>otash.  The  o.xygen  andchlo- 
of  the  liberated  acid  produce,  by  contact  with  combustible  matter,  an 
Bplosive  reaction.  For  the  rationale  of  the  explosive  power,  as  far  as  I 
Ipi  competent  to  throw  light  upon  a  subject  so  abstruse,  I  refer  to  what  is 
ud  on  Theories  of  Combuatiotti  at  page  243,  and  again  to  pages  119, 
.16. 


268.  Combustion  of  PhogphoHI4  under  Water, 
hy  means  of  Chlorate  of  Potash  and  Sul- 
phuric Acid. 

Let  there  be  iwo  tubes,  one  within  the  other, 
as  here  represented ;  the  larger  one,  closed  at 
the  lower  end,  and  containing  water;  the  other 
open  at  both  ends,  the  upper  orifice  funnel- 
shaped,  and  the  bore  about  one-eighth  of  an 
inch  in  diameter.  Allow  some  very  small 
pieces  of  phosphorus,  and  a  few  crystals  of 
chlorate  of  potash,  to  fall  down  to  the  bottom 
of  the  large  tube.  Then,  into  the  smaller  tube, 
pour  some  sulphuric  acid;  so  that,  without 
being  much  diluted,  it  may  descend  upon  the 
chlorate  and  phosphorus.  A  vivid  igtiition  en- 
sues, in  despite  of  the  water  which  surrounds 
(he  agents  by  which  the  lire  is  produced. 

The  sulphuric  acid,  uniting  with  the  potash 
of  the  chlorate,  liberates  chlorine  and  oxygen, 
which,  coming  into  contact  with  the  phosphorus, 
cause  its  combustion,  although  surrounded  by 


J 
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269.  Experimental  Illustrations. 
Ignition  of  phosphorus  with  chlorate  of  potash  by  per- 
cussion.    Explosioi]  of  sulphur  mixed  with  the  chioratf, 
by  trituration. 

OF  OXYCHLORATES. 

When  the  chlorate  of  potash  \a  subjected  to  a  lemperature  of  nearif 
750",  one  portion  of  it  is  decomposed  into  oxygen,  and  chloride  of  \tt 
lossium.  Part  of  the  oxygen,  while  nascent,  combinea  H  iih  ao  undecon;- 
posed  portion  of  the  salt,  forming  with  it  on  oxychlorate.  As  the  oir- 
chlorate  is  soluble  to  a  considerable  extent  in  boiling  water,  and  dcbH; 
itiBoluble  in  cold,  it  follows  that,  if  the  resulting  mass  be  dissolved  in  vKcs 
of  the  lemperature  of  213°,  and  the  solution  allowed  to  grow  cold,  iht 
oxychlorale  of  potash  precipjlatca  in  crystals,  while  the  chloride  of  potts- 
Bium  remains  dissolved.  The  oxychlomtea  of  the  other  bases  are  obtaiMJ 
either  by  the  direct  union  of  the  acid  with  the  base,  or  by  double  decoct- 
position.     For  the  mode  of  procuring  oxychioric  add,  see  page  170. 

The  oxychlorates,  in  generol  properties,  resemble  the  chlorates.  Thn 
appear,  however,  to  be  more  permnnenl;  since  the  oxychlomte  of  potash 
is  not  decomposed  by  any  of  the  acids  at  ordinary  temperatures,  and  does 
not  react  as  violently  with  sulphur  els  the  chlornte  of  potash. 

Nearly  all  of  the  oxychioratea  would  appear  to  be  deliquesc^it,  and 
soluble  in  alct^ol,  excepting  those  of  potash,  lead,  protoxide  of  tnercun', 
and  ammonia,Wl  the  temperature  of  69°,  Sxychlorate  of  potash  re({uua 
for  its  solution  siity-five  times  its  weight  of  watei?\ 

OF  CHLORITES. 

It  hod  long  been  known  that,  when  chlorine  was  brought  into  conlan 
with  the  fixed  alkalies  or  alkaline  earths,  compounds  wore  formed  whicb 
possessed  powerful  bleaching  and  disinfecting  properties.  As  it  was  fciui>il 
that  such  compounds  consisted  of  chlorine,  oxygen,  and  a  metal,  kA 
yielded  chlorine  when  acted  on  by  an  acid;  it  was  inferred  that  lliey  con- 
sisted of  chlorine  united  to  a  metallic  oxide,  and  their  striking  propertin 
*ere  ascribed  to  that  element,  as  it  appeared  to  possess  them  in  b  high  ifc 
gree.  Their  increased  activity,  either  in  smell  or  bleaching  power,  rewH- 
ing  from  the  addition  of  an  acid,  was  accounted  for  by  supposing  thai 't 
liberated  the  chlorine.  A  number  of  facts,  however,  which  it  would  0^ 
cupy  too  much  space  to  slate  here,  have  since  been  observed,  tending  Is 
prove  that  the  bleaching  salts  are  not  compounds  of  chlorine  with  ojy- 
bases,  but  salts  foimcd  by  these  bases  with  chlorous  acidj  in  other  wonK 
ehlorilea. 

Although  this  opinion  was  sanctioned  by  some  chemists,  and  many  of 
the  phenomena  which  had  been  observed  were  otherwise  inexplicable, still, 
on  account  of  the  impossibility  of  procuring  a.  chlorite  without  the  admix- 
ture of  a  chloride,  it  was  found  impracticable  to  submit  it  to  a  deRnii6 
proof.  Latterly,  however,  Balard  has  succeeded  in  obtaining  chlorous 
acid,  by  the  action  of  chlorine  on  the  bioxide  of  mercury,  suspended,  in  a 
stole  of  minute  division,  in  water.  Under  these  circumstances,  one  por- 
tion of  the  chlorine  forms  a  bichloride  of  mercury  with  one  portion  of  ibe 
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melal,  liberaliug  the  osygea;  while  the  bichloride,  ilius  ueiieiiiicd,  com- 
bines with  [lie  undecomposed  part'of  the  bioxide,  producing  an  osychlo- 
ride.  This  being  nearly  insoluble,  precipitates;  and  the  liberated  oxygen, 
meanwhile  uniting  wilii  another  portion  of  the  chlorine,  produces  chlorous 
acid,  wliich  may  be  separated,  by  dislilklion,  in  union  with  water.  The 
solution,  thus  obtaiaed,  moy  be  concenlntled  by  evaporation,  and  the  acid 
allerwarda  evolved  in  the  gaseous  fiirm,  by  the  addition  of  nilnite  of  linw, 
which  liberates  it  by  combining  with  the  water.  Chlorous  acid,  whether 
in  the  gaseous  or  liquid  stale,  forms  chlorites  with  the  alkalies  and  alkaline 

According  to  Ralard,  chlorous  acid,  obtained  by  his  process  as  above 

given,  differs  somewhat  in  properties  from  the  compound  of  chlorine  and 

tj'gen,  described  in  the  preceding  part  of  this  Compendium  as  chlorous 

"d.     It  was  there  mentioned,  that,  while  some  chemists  considered  it  as 

ilaining  four  atoms  of  oxygen  to  one  of  chlorine,  agreeably  to  ihe  pre- 
ibrable  opinion  of  Berzelius,  it  was  to  be  viewed  aa  containing  only  three 
atoms  of  oxygen  to  one  of  the  other  ingredient.  Yet  Balard  slates  that 
the  new  acid  which  he  has  obtained,  contains  but  two  atoms  of  oxygen 
united  with  one  of  chlorine.  Bui  the  compound  heretofore  known  as  chlo- 
rous acid,  when  brought  into  contact  with  bases,  produces  a  chlorite,  a 
chloride,  and  a  chlorate.  It  would,  therefore,  appear  probable,  that  it  ia  a 
cmmpound  of  chlorous  and  chlorie  acid,  possessing  properties  similar,  in 
many  respects,  to  those  which  Berzelius  attributes  to  nitroso-nitric  acid, 
and  that  the  variation  which  has  been  observed  in  its  composition,  may  be 
accounted  for  by  supposing  the  occasional  presence  of  a  portion  of  chlo> 
rous,  uncombined  with  chloric  acid. 

The  impure  chlorite  of  lime,  called  bleaching  salt,  is  obtained  by  ex- 
posing hydrate  of  lime  to  chlorine.  Analogous  chlorites  of  potash  and 
soda  are  found  in  the  mother  waters  of  the  chlorates  of  those  alkalies,  and 
may  likewise  be  obtained,  by  double  decomposition,  from  Ihe  chlorite  of 
linte,  and  carbonate  of  potash  or  soda.  When  obtained  by  these  me- 
thods, chlorites  are  mingled  with  the  chlorides  of  Ihe  metals  peculiar  to 
their  respective  bases. 

Properties. — Tbc  chlorites  are  extremely  susceptible  of  decomposition. 
This,  however,  takes  place  in  a  manner  which  varies  with  the  circum- 
stances in  which  they  are  placed.  Bleaching  or  disinfection  is  efibcled 
by  a  chlorite  when  quite  pure,  by  imparting  oxygen;  being  resolved-  into 
this  element  and  a  chloride.  Chlorine  produces  similar  effects,  by  caus- 
ing water  to  impart  oxygen.  No  doubt  the  result  is  the  consequence  of 
complex  affinity,  the  hydrogen  being  attracted  by  the  chlorine,  the  oxy- 
gen by  some  oxidizable  substance. 

When  carbonic  acid  has  access  to  a  chlorite,  it  combines  with  the  base 
of  the  sail,  displacing  (he  acid ;  and  if  n  chloride  be  present,  its  radical  is 
oxidized  by  the  oxygen  of  the  acid  thus  displaced,  while  its  chlorine  is  li- 
berated, as  well  as  that  of  the  chlorous  acid.  Of  course  an  evolution  of 
chlorine  must  ensue  from  the  employment  in  like  case  of  any  acid,  which, 
in  its  affinities,  is  not  less  energetic  than  carbonic  acid.  If,  however,  a 
pure  chlorite,  formed  by  the  action  of  chlorous  acid  on  a  base,  bo  subjected 
to  the  action  of  a  more  powerful  acid,  the  clilorous  acid  may  be  liberated 
without  being  decomposed. 

When  an  aqueous  solution  of  a  chlorite  is  boiled,  no  acid  being  present, 
one  portion  of  the  chlorite  is  converted  into  a  chloride;  while  the  axygen 
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which  is  libcralod  Trom  it  during  ihia  transformation,  converts  another  por- 
lion  into  a  chlorate. 

According  to  Thomson,  when  chloride  of  ammonium  is  introduced  into 
a  retort  containing  the  clilorite  of  lime  of  commerce,  made  into  a  paste  irilb 
water,  gaseous  nitrogen  is  evolved  with  n  reaction  so  violent,  thai,  in  onfcr 
to  delay  the  estricalion  until  his  arrangements  for  collecting  the  prodmt 
were  completed,  he  found  it  expedient  lo  wrap  the  chloride  in  UoHiug 
paper, 

270.  Experimnilal  Illvslrations. 
Production  of  chlor  »nof  lime.    Its  effects  upon  colour- 
ing matter.    Evolution  of  nitrogen  from  chloride  of  am- 
monium, by  chlorite  of  lime. 

OF  NITRATES. 

This  class  of  salts  is  distinguished  by  deflagrating  with 
charcoal  and  other  combustibles.  When  the  combustible 
is  susceptible  of  acidification,  the  resulting  acid  unites  al- 
ways with  the  base.  Thus  in  the  case  of  charcoal,  a  cai* 
bonate  is  left;  in  the  case  of  sulphur,  a  sulphate;  in  the 
case  of  arsenic,  an  arseniate.  They  differ  from  the  osy- 
salts  containing  an  acid  with  a  halogen  radical  (the  chlo- 
rates for  instance),  in  leaving  an  oxide  after  deflagration, 
instead  of  a  haloid  salt.  Thus  the  nitrate  of  potash  leaves 
the  oxide  of  potassium;  vrliile  the  chlorate  leaves  a  chlo- 
ride of  potassium. 

If  subjected  to  concentrated  sulphuric  acid,  the  nitrates, 
when  dry,  emit  fumes  of  nitric  acid.  When  added  to  li- 
quid chlorohydric  acid,  by  dehydrogenating  the  chlorine, 
they  enable  it  to  act  on  gold  leaf,  as  it  does  when  prfr 
seated  to  this  metal  in  aqua  regia. 

The  neutral  nitrates  are  all  soluble,  and  many  of  them 
deliquescent. 

271.  Experimental  Illustrations. 
Deflagration  of  a  nitrate  upon  ignited  charcoal,  and  of 

charcoal  and  other  substances  upon  a  fused  nitrate.  A 
nitrate  added  to  liquid  chlorohydric  acid  containing  goM 
leaf,  causes  the  solution  of  the  metal.  Decomposition  of 
a  nitrate  by  heat. 

OF  NITRITES  AND  HYPONITRITES. 
It  would  appear  that  the  compound,  which,  consistently  with  the  pra^ 
ic  of  the  British  and  French  chemists,  has  beeji  designated  us  nitrous 
ig^decompoaed  when  presented  to  bases,  forming  a  nitrate  and  b; 
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It  is  [Hxibablo,  therefore,  ihal  there  are  no  sails  which  properly  deserve  the 
name  oT  tiilritee,  in  the  eeDse  in  which  thia  appellation  has  been  used  by  the 
cbemiste  above  mentioned.  It  has  already  been  staled  that'Berzctius  docs 
not  admit  the  existence  of  any  acid  intermediate,  as  respects  tlie  quantity 
of  oxygen  contained,  between  nitric  and  hyponitroua  acid,  and,  therefore, 
calls  the  acid  to  which  the  last  mentioned  name  has  been  applied,  nitrous 
Bcid,  and  of  course  designates  its  compounds  as  nitrites.  The  hy|Kiniirites 
of  the  English  and  French  chemists,  or  iiilriles  of  Bcrzelius,  resemble  the 
nitrates  in  most  of  their  pro|>ertics;  but  may  be  recognised  by  the  red  va- 
pours which  they  evolve  on  the  addition  of  any  of  the  stronger  acids. 

OF  SULPHATES. 

Their  solutions  ail  yield  precipitates  with  solutions  of 
baryta.  Heated  in  contact  with  charcoal  or  hydrogen, 
they  are  converted  into  sulphurets,  which,  if  moistened, 
smell  like  rotten  eggs.  They  are  almost  all  insoluble  in 
alcohol.  The  sulphates  of  baryta,  tin,  antimony,  bismuth, 
and  lead,  are  ywi/e  insoluble  in  water.  Those  of  strontia, 
lime,  yttria,  mercury,  silver,  and  the  sesquioxide  of  ce- 
rium, are  nearly  insoluble;  while  all  other  sulphates  are 
soluble. 

272.  Experimental  Rlustrations. 

Precipitation  of  sulphates  by  solutions  of  baryta.  Con- 
version of  a  sulphate  into  a  sulphuret  before  the  blow- 
pipe, demonstrated  by  the  subsequent  effect  upon  a  me- 
tallic solution. 

OF  HYPOSULPHATES,  SULPIUTES,  AND  HYPOSULPHITES. 

The  hyposulphate  of  baryta,  is  obruined  by  adding  sulphide  of  banum 
to  a  solution  of  hyposulphate  of  manganese,  procured  as  described,  page 
181.  The  byposuiphales  of  lime  and  strotitia  are  procured  in  the  santc 
manner,  and  the  hyposulphates  of  the  other  bases,  cither  by  double  de- 
composition, or  by  adding  the  acid  directly  to  the  base. 

The  neutral  hyyoiidphatei  are  probably  all  soluble.  This  property, 
tc^tber  with  their  conversion  into  sulphates  by  heat,  aud  the  odour  of  sul- 
phurous acid  which  they  emit  on  the  addition  of  concentrated  sulphuric 
■cid,  is  sufficient  to  enable  us  to  recognise  them. 

The  insoluble  tvJpkiles  are  obtained  by  double  decomposition;  those 
which  are  soluble,  by  the  direct  action  of  the  acid  on  the  base. 

The  sulphites  are  generally  insoluble,  and  may  be  recognised  by  the 
odour  of  sulphurous  acid  which  they  emit  on  The  addition  of  diluted  sul- 
phuric acid  J  whiie  they  do  not,  like  the  hyposulphites,  simultaneously  dc- 
posile  sulphur:  also  by  their  not  yielding,  like  the  hyposulphates,  a  neu- 
tral sulpliale  by  heat. 

Tlie  hgpastilphites  are  procured  by  treating  melallic  zinc,  iron,  or  man- 
ganese, with  liquid  sulphurous  acid.  Each  atom  of  this  acid  abandons  one 
atom  of  oxygen  lo  the  metal,  being  conser|uently  converted  into  hyposul- 
phurous  acid,  which,  with  the  resulting  oxide,  forms  a  hyposulphite. 


* 
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The  hyposulphites  may  likewiae  be  formed  by  boiling  sulphites  * 
flowers  of  sulphur,  by  which  each  atom  of  acid  in  any  sulphite  takes  m  I 
an  additional  atom  of  sulphur,  converting  the  sulphite  iaio  n  hypon^  I 
phile.  I 

The  hyposulphites  may  all  be  decomposed  by  heol,  tind,  when  acted  at  I 
by  sulphuric  acid,  deposit*  sulphur  and  liberate  sulphurous  acid. 

OF  SELENIATES. 

The  seleniates  greatly  resemble  the  sulphates  in  properties.  Thpy  an 
in  fact  iaomorphous  with  ihem,  and  crystallize  with  the  same  quandtj  gf 
water  of  crystallisation.  The  seleniates  are,  however,  more  susceptible 
of  decomposition  than  the  sulphates,  and  when  thrown  on  burning  cnla 
deflagrate. 

OF  PHOSPHATES. 

The  phosphates  all  give  precipitates  with  solutions  of  baryta,  lime,  kaiti 
and  silver. 

The  phosphates  are  not  decomposable  by  heat  alone.  Those  of  the 
metals  proper  may  be  converted,  by  heat  and  charcoal,  into  phosphuKit 
of  the  metals  peculiar  to  their  respective  bases.  Id  the  cose  of  the  ph[» 
phates  of  the  earths  and  alkalies,  a  portion  of  the  phosphoric  acid  is  deoxi- 
dized by  the  carbon,  evolving  phosphorus;  while  tho  remainder  tbrms  witk 
the  base  a  subphusphate. 

By  heat  the  phosphates  are  converted  into  paraphosphates,  idendcsl  lb 
composition,  though  diflercDl  in  properties.     See  page  268. 

According  to  Thcnard,  phosphoric  acid  combines  with  bases  in  five  dif- 
ferent proportions,  forming  bipho«phatc»,  teiquipho^}hate»,  nevtral  plioh 
phatei,  tetquihatic  pho^haten,  and  bibatic  pkoupkateg,  in  wJiich  llK 
equivalents  of  acid  to  those  of  the  base  are  respectively  as  3  to  1,  H  lo  1, 
1  to  1,  1  to  Ij,  and  1  to  2. 

OF  PHOSPHITES. 

The  phosphites  arc  obtained  either  by  presenting  the  acid  directly  to  de 

base,  or  by  double  decomposition.     When  thrown  on  buruing  coals  they 

produce  a  yellow  flame,  the  colour  of  which  increases  in  intensity  witb 

the  quantity  of  acid  contained  in  the  salt. 

OF  CARBONATES. 

This  class  of  salts  is  distinguished  by  being  susceptible 
of  decomposition,  with  efTervescence,  by  any  of  tlie  acids, 
excepting  a  few  that  arc  remarkably  feeble,  as,  for  in- 
stance, the  cyanhydric  and  meconic  acida. 

All  the  alkaline  carbonates  are  decomposable  by  heat, 
excepting  those  of  potassa,  soda,  baryta,  strontia,  and 
probably  lithia. 

Each  of  the  alkalies,  potash,  soda,  and  ammonia,  forms 
with  carbonic  acid,  a  carbonate,  consisting  of  an  equiva- 
lent proportion  of  each  ingredient;  a  sesquicarbonate,  in 
which  there  are  one  equivalent  and  a  half  of  acid  to  one 
of  alkali ;  and  a  bicarbonate,  in  which  there  are  two  equh 
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Talents  of  the  acid  to  one  of  alkali.  When  saturated 
with  the  acid,  they  are  more  susceptible  of  crystallization, 
and  less  nauseous  to  the  taste. 

The  evolution  of  the  acid  from  the  carbonates  of  lime 
and  ammonia  has  been  already  exhibited. 

OF  BORATES. 

The  biborate  of  soda  is  found  in  nature  in  certain  lakes,  and  is  known 
in  commerce  as  borax.  In  the  examination  of  minerals  by  the  blowpipe, 
it  is  very  useful. 

The  other  soluble  borates,  which  are  those  of  potash,  soda,  lithia,  and 
ammonia,  are  obtained  by  uniting  the  acid  directly  with  the  base.  The 
borates,  which  are  quite  or  nearly  insoluble,  are  procured  by  double  de- 
composition with  the  borate  of  soda.  Borates  are  undecomposable  by  heat, 
when  their  bases  are  undecomposable  by  that  agent.  Other  borates,  when 
intensely  heated,  are  resolved  into  oxygen,  a  metallic  radical,  and  boric 
•cid. 

OF  SILICATES. 

The  silicates  are  procured  either  by  double  decomposition,  or  by  heating 
nUdc  acid  strongly  with  the  base.  They  are  not  decomposable  by  heat 
alone;  although,  when  heated  with  charcoal,  some  of  the  silicates  are  con- 
certed into  silicurets.  All  the  silicates,  excepting  those  of  potash,  soda, 
and  lithia,  are  insoluble. 

OF  CYANATES  AND  FULMINATES. 

The  soluble  cyanates  are  decomposable  by  water,  and,  if  insoluble,  by 
acids,  into  carbonic  acid  and  ammonia.    The  fulminates  are  chiefly  remark- 
able for  the  violent  explosions  which  they  produce  by  heat  or  percussion. 
The  fulminate  of  mercury  is  employed  as  priming  in  percussion  gun  locks. 
It  may  be  obtained  by  the  following  process:  Dissolve  100  grains  of  mer- 
cury with  heat  in  a  measured  ounce  and  a  half  of  nitric  acid  of  moderate 
strength ;  when  cc^d,  mix  the  solution  with  a  measured  ounce  and  a  half 
of  alcohol,  and  apply  heat  till  eflervescence  takes  place.     When  red  fumes 
fl^>pear,  check  the  action  with  water.      The  powder  which  precipitates, 
^irell  washed  with  water,  and  aflewards  dried  at  a  gentle  heat,  will  be  the 
iulminate  of  mercury. 

OF  DOUBLE  OXYSALTS. 

There  are  many  cases  in  which  two  salts,  formed  by  difl^rent  bases  but 
of  the  same  acid,  enter  into  combination.  A  compound  thus  constituted, 
formerly  received  the  appellation  of  a  triple  salt,  but  is  now  designated  as 
ft  double  salt. 

Tartar  emetic  is  a  double  tartrate,  consisting  of  tartrate  of  potash  com- 
bined with  tartrate  of  antimony.     See  page  404. 

Rochelle  salt  is  a  compound  of  tartrate  of  potash  with  the  tartrate  of 
Soda.  An  analogous  compound  is  formed  by  the  union  of  tartrate  of  pot- 
ash with  tartrate  of  iron,  called  ferri  et  potasstB  tartras,  or  tartrate  of 
potash  and  iron,  in  the  United  States  Dispensatory.;  to  which  excellent 
Wt>rk,  I  refer  students  for  much  valuable  information  which  my  limits  will 
ftOC  allow  me  to  add. 

The  saline  compound,  well  known  under  the  name  of  alum,  is  composed 


422 


[NOROANIC  eUB8TAKCG8. 


of  one  atom  oflrieulphaleofaiumina,  and  one  ofsulpbate  of  potash,  bast 
twenly-foiir  nloms  of  water  of  cry  stall  ization. 

Other  double  sulphates  have  been  formed  analogous  to  alum,  stibal) 
ting  soda  or  ammonia  for  potash,  or  iron,  manganese,  or  chromium' 
alumina. 

Double  silicates  and  carbonates  exist  in  nature.  Dolomite  is  m 
of  marble,  consisting  of  the  carbonates  of  lime  and  magnesia  in  eqaivHli 
proportions.  Felspar  consists  of  a  silicate  of  alumina  and  a  siticale 
potash.  Many  native  crystals,  well  known  lo  mineralogists,  are  ^ 
silicates. 

Glass  in  general  is  a  combination  of  one  or  more  silicates.  Flint  |^ 
according  to  Turner,  is  a  double  scxsilicatc  of  lead  and  potash. 

It  ought  not  lo  be  supposed  that  double  salts  are  always  produced,  Ij 
the  combination  of  single  salts  previously  existing  separately.  In  ttKo* 
of  tartar  emetic,  the  bilart rate  of  potash,  containing  two  equivalents  ofidj 
lo  one  of  base,  is  converted  into  the  double  tartrate  of  potash  and 
mony,  by  saturating  with  one  equivalenl  of  the  sesquioxide  of  this  tmtt, 
one  equivalent  of  the  acid  in  the  hiiarlralc.  Thus  a  tartrate  of  antinjoi 
is  produced  in  combination  with  a  tartrate  of  potash,  and  a  double  sah' 
of  course  formed. 

It  appears  possible  for  two  double  salts  lo  combine,  as  when  bibonB 
of  soda  (borax)  is  added  to  bitartrate  of  potash,  in  order  lo  produce  Iti 
"soluble  cream  of  tartar"  of  pharmacy.     Accwding  to  BerKeliu*,  tlir 
compound  may  bo  con»dercd  as  consisiiag  of  a  double  lAf  trate  of  PomII 
and  doda  (sal  Rochelle),  combined  with  a  double  turirale  of  pota^  Wl 
boric  add  acting  as  a  base.     See  United  Slates  Dispensatory,  3d  odiuus,  ■ 
page  606. 
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SECTION  a 
OF  SDLPHOSALTS. 

According  to  Bcrzelius,  the  metallic  sulphides,  which  are  capi 
combining  with  each  otlier  to  form  sulphosalls,  contain  for  each  si 
radical,  the  same  number  of  atoms  of  sulphur,  as  the  salil'iable  oxyba 
and  oxacids  of  the  same  radicals  contain  of  oxygen, 
this  analogy  in  composition,  if  sulphydric  acid  gas  be  transmitted  ll 
a  conoentraled  solution  of  an  oxysalt,  in  which  the  Acid  and  I 
each  a  ntetallic  radical,  the  hydrogen  of  the  sulphydric  acid  laluaiL.'. — 
oxygen  from  both  radicals.  Meanwhile,  so  equivalent  number  cf  «■  ^  ■ 
of  sulphur,  consequently  liberated,  take  the  place  of  the  oxygen,  fimufl  '^ 
Bulphosalt,  coitsisting  of  a  sulphacid  and  a  sulphol»se,  analogow,  JaH  ' 
number  of  atoms  of  each  ingredient,  to  the  oxysalt,  from  the  A 
tion  of  which  it  originates. 

In  order,  however,  to  cfToct  the  combination  of  the  electro- poaitiraM 
tallic  sulphides  which  act  as  bases,  with  the  sulphides  of  i: 
dicals  which  act  as  sulphacids,  a  difTerent  method  must  be  adepts!  L_ 
the  case  of  sulphydric  acid  gas,  which  does  not  combiop,  except  wiljbill'^ 
sulphides  of  the  metals  of  the  alkaline  ennhs  and  Blkali<?s,  it  ia  elkKl 
brought  into  contact  with  a  carbonate  of  the  base  heated  to  roduMt.  *\ 
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nade  to  enter  into  a  solution  of  the  hydrate.  Whichever  method  he 
ed,  no  access  of  atmospheric  oxygen  should  he  allowed.  In  either 
one  portion  of  the  sulphydric  acid  is  decomposed,  its  hydrogen  com- 
;  with  the  oxygen  of  the  hase,  and  its  sulphur  with  the  metal ;  while 
ther  portion  of  the  acid  unites  with  the  sulphide  thus  fornfked,  produc- 
sulphydrate. 

(las  been  stated,  page  284,  that  combinations  of  sulphocarbonic  add 
be  formed  with  most  of  the  electro-positive  sulphides,  either  by  di- 
inion,  or  by  double  decomposition.  There  are  other  methods  of  pre- 
g  these  sulphosalts,  of  which  I  cannot  treat,  consistently  with  the 
I  prescribed  for  this  work* 


SECTION  III. 

OF  SELENISALTS  AND  TELLURISALTS. 

has  been  already  stated,  both  selenium  and  tellurium  are  capable  of 
ining  with  different  radicals,  forming  selenides  and  tellurides.  These, 
iny  cases,  like  the  corresponding  compounds  formed  by  sulphur,  unite 
tier  to  form  selenisalts  and  tellurisalts.  The  resulting  combinations, 
YOT,  have  been  but  little  studied. 


SECTION  IV. 

OF  CHLOROSALTS,  BROMOSALTS,  lODOSALTS,  AND 
FLUOSALTS  OF  THE  SECOND  GROUP.* 

le  chlorosalts  are  generally  obtained  by  mingling  the'  electro-posi- 
md  electro-negative  chlorides,  either  in  the  wet  or  dry  way.     In  the 
'  case,  heat  must  be  employed  in  order  to  facilitate  their  union, 
le  bromosalts  and  iodosalts  may  in  general  be  obtained  in  the  same 
ler,  by  mingling  electro-positive  and  electro-negative  bromides  and 

BS. 

lave  mentioned,  in  treating  of  the  chlorides  of  the  metals,  several  in- 
es  in  which  combinations  are  formed  by  them  with  chlorohydric  acid. 

compounds,  however,  are  rare,  and,  when  they  do  occur,  appear 
3  possess  stability. 

page  308, 1  have  stated  my  opinion  that  the  compounds,  designated 
erzelius  as  fiuohydroboric  acid  and  fluohydrosilicic  acid,  should  be 
dered  as  tertium  quids,  in  which  the  fluoride  of  hydrogen  performs 
urt  of  a  base,  while  the  fluorides  of  boron  and  sUicon  act  as  acids. 
e  fiuohydroboric  acid  is  a  fluoborate  of  hydrogen,  and  fluohydrosilicic 
a  fluosilicate  of  hydrogen. 
ith  the  fluorides  of  columbium  and  titanium,  the  fluoride  of  hydrogen 

*  See  page  413. 
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Dunda  analo^us  lo  those  aboveraeutiooed,  and  whicli 

flu ocolum bale,  and  Guolitsaiate  of  hydrogen. 
y  fluosalt  like  those  aboveineationcd.  Id  which  bydn 
Ileal,  is  brought  into  contact  with  an  oxybase,  ofwhic 
^ble  of  forming  a  fluobuse,  tlie  hydrogen  unites  with 
1  -  oxybase,  while  the  radical  of  this  bose  uniiea  with  the 

'  of  the  duosolt,  consequently  liberated,  combines  with 

r  fiuosalln  are  formed  by  the  direct  rcnctiori  of  the  Bus 

lich  compose  them,  either  in  the  wot  or  dry  way.    ^ 

I, .  cid  to  the  fluorides  of  potassium  and  sodium,  fluohjn 

ob  ,aes  ntay  be  formed.     See  letter  on  tlie  Berzelian  K 

c  iu  uie  Appendix. 


SECTION  V. 

OF    CYANOSALTS. 

The  cynnosalta  are  in  general  obtained  either  by  the  direct  imi 
cyanacid  with  a  cyanobasc,  or  by  decomposition.  It  is  by  the  b 
thod  that  the  cyanoferrite  of  potassium  I's  Tormed,  the  sulphate  of 
toxide  of  iron  being  presented  lo  the  cyanide  of  potassium.  In  ' 
the  sulphuric  arid,  and  Ihc  oxygen  ofliie  protoxide  ofiron,  are  tn 
lo  one  portion  of  the  potassium.  The  iryono^n,  consequently  I 
fornw  with  the  iron,  cyonoferrous  acid,  which  unites  with  the  u 
poaed  porticai  of  the  cyanide  of  potassium.    See  pages  291, 292,i 


Organic  substances  are  all  those  cotupoiinds  which  are 
generated  in  vegetables  or  animals,  or  produced  by  the 
reaction  of  the  elements  of  which  they  consist,  either 
among  themselves  or  with  other  bodies.  They  are  natu- 
rally divided  into  Vegetable  Substances,  or  those  derived 
from  the  vegetable  kingdom,  and  Animal  Substa7tccsy  or 
those  derived  from  the  animal  kingdom. 


OF  VEGETABLE  SUBSTANCES. 

It  is,  perhaps,  less  difficult  to  acquire  some  general 
ideas  of  vegetable  and  animal  chemistry,  than  to  make 
an  equal  progress  in  the  chemistry  of  inorganic  sub- 
etances.  The  ultimate  elements  of  vegetable  and  animal 
matter  are  fewer,  and  are  peculiarly  well  known.  But 
the  light  which  is  thrown  upon  inorganic  compounds,  by 
resolving  them  into  their  ultimate  elements,  is  much  more 
satisfactory  than  any  which  we  can,  by  the  same  means, 
extend  to  organic  products.  Between  tliese,  ultimate 
analysis  can  demonstrate  little  more  than  a  difference  in 
tho  proportions  of  the  hydrogen,  oxygen,  carbon,  and  ni- 
trogen, of  which  they  are  constituted;  although  in  their 
influence  on  vitality  they  may  display  the  opposite  pro- 
perties of  the  most  delicious  food,  or  the  most  deleterious 
poison,  of  delighting  or  offending  our  senses  in  the  ex- 
treme. 

Hydrogen,  oxygen,  and  carbon  are  the  principal  ulti- 
mate elements  of  vegetable  substances.  In  a  few  vegeta- 
bles, nitrogen  is  a  constituent.  Potassium,  sodium,  and 
calcium,  in  the  state  of  alkali  or  earth,  with  minute  por- 
tions of  iron  and  of  other  matter,  may  also  be  found  in 
them.  But  hydrogen,  oxygen,  and  carbon  are,  in  quan- 
tity and  importance,  greatly  predominant. 

It  is  generally  a  marked  distinction  between  organic 
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and  inorganic  substances,  that  the  latter  can,  in  a  miicb 
greater  number  of  instances,  be  imitated  by  art. 

The  incompetency  of  chemists  to  regenerate  the  sub- 
stances analyzed  by  them,  has  caused  the  accuracy  of 
their  deductions  to  be  questioned.  Rousseau,  having 
heard  Rouelle  lecture  on  farinaceous  matter,  said  he  would 
not  confide  in  any  analysis  of  it,  till  corroborated  by  iu 
reproduction  from  the  elements,  into  which  it  was  alleged 
to  have  been  resolved.  I  conceive  that  an  ticquaiotaace 
with  facts,  thoroughly  demonstrable  by  modern  chemis- 
try, would  have  rendered  that  ingeniouB  philosopher  k« 
sceptical.  It  may  indeed  at  first  view  seem  reasonaUe 
to  consider  synthesis  as  the  only  satisfactory  test  of  tiie 
truth  of  analysis.  But,  when  diamond  is  burned  in  (hk 
bell  glass,  and  charcoal  in  another,  in  different  portions  of 
the  same  oxjgen  gas,  if  subsequently  in  each  vessel,  in 
lieu  of  the  diamond  and  charcoal,  carbonic  acid  ia  found, 
from  which  carbon  may  bo  liberated  by  potassium,  who 
would  hesitate  to  admit  both  substances  to  consist  of  car- 
bon, because  this  element  cannot  be  recovered  from  the 
gaseous  state  in  the  crystalline  form  of  diamond? 

It  does  not  appear  that  any  vegetable  matter  is  capa- 
ble of  existing  as  a  permanent  gas. 

Of  the  Mode  in  which  iJie  Vllimate  Ponderable  Element!  if 
Organic  Substances  are  associated. 

It  was  originally  advanced  by  Gay-Lussac,  and  hu 
since  been  ingeniously  sustained  by  Dumas,  that  vegetar 
ble  and  animal  substances,  containing  three  or  more  ele- 
ments, should  not  be  regarded  as  simple  combinatloBi, 
into  which  the  elements  enter  singly,  but  as  made  upflf 
binary*  compounds  whicli  unite  with  each  other  in  virtue 
of  their  opposite  electrical  states,  as  acids  and  bases-t 

Thus  sugar  is  conceived  to  be  a  compound  of  carbit- 
retted  hydrogen  and  carbonic  acid,  and  ether,  of  etherk 
and  an  acid,  or  water  acting  as  an  acid. 

It  has  lately  been  ascertained  by  Wohler  and  LieUj 
that  there  are  common  radicals  not  only  in  analo)^ 
substances,  but  in  such  as  arc  quite  unlike  each  other, 

*  la  IJie  aeiiBe  in  which  the  word  biniLrj  ia  used  by  Berzelius  and  maaj  si 
oliemiata,  i  binurv  coimHjund  is  ono  which  contnina  two  helorogeneoua  eletastr 
bacn  used  to  ij^tiif;  a  cambin&Uon  of  two  U 
with  ono  ulniu  of  uiotbor. 
Report  foi  1838,  page  497. 
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^r  instance,  henzule,  consisting  of  C'^tPO',  forms,  witli 
a&n  atom  of  hydrogen,  oil  of  bitter  almonds,  and  with  an 
'Utoni  of  o.xygen,  benzoic  acid.  It  produces  also  a  chlo- 
ride, a  bromide,  and  an  iodide,  with  an  atom  of  chlorine, 
Hwomine,  and  iodine  respectively. 

Prout  supposes  that  a  large  class  of  vegetable  products, 
dnto  which  he  has  ascertained  the  hydrogen  and  oxy- 
gen to  enter  in  the  ratio  for  forming  water,  to  consist  of 
xbis  liquid  and  carbon.  On  this  view  they  are  hydrates 
of  carbon.  In  fact,  under  this  head  would  be  placed  al- 
most all  vegetable  principles  which  are  neither  acid,  oily, 
nor  resinous;  such,  for  instance,  as  sugar,  starch,  gum, 
and  lignin. 

Cff  ilie  Influence  of  Heat  upon  Vegetables,  with  and  without 
Access  of  Air. 

When  subjected  to  distillation,  vegetables,  in  the  first 
place,  yield  the  water  and  essential  oils  previously  exisl^ 
ing  in  them.  If  the  heat  be  raised  to  redness,  they  afford 
carbonic  and  pyroligneous  (acetic)  acid:  also  carbonic 
oxide  with  bituminous  matter,  or  essential  oils  formed  by 
the  union  of  the  hydrogen  and  carbon  in  various  ratioa, 
and  which  are  more  volatile  in  proportion  as  the  hydro- 
gen predominates.  By  further  ignition  the  oils  and  bitu- 
men, thus  obtained,  are  converted  into  some  of  the  varie- 
ties of  carburetted  hydrogen;  a  deposition  of  carbon  being 
a  necessary  concomitant  of  the  change.  In  proportion 
as  the  hydrogen  is  rarefied  by  heat,  its  capacity  to  sus- 
pend the  carbon  appears  to  be  diminished.  See  page 
285. 

The  oxygen  in  the  vegetable  matter,  sulyected  to  igni- 
tion in  close  vessels,  by  uniting  with  the  hydrogen  and 
carbon,  gives  rise  to  acetic  and  carbonic  acid,  carbonic 
oxide,  and  water.  These  results  evidently  originate  from 
the  superior  volatility  of  the  hydrogen  and  oxygen,  which 
causes  them  to  pass  off  into  the  afirifomi  state,  with  such 
portions  of  tlie  carbon  as  they  may,  under  these  circura- 
stances,  be  capable  of  retaining. 

The  experiments  of  Sir  James  Hall  show  that  vege- 
table matter,  simultaneously  subjected  to  heat  and  pres- 
sure, is  converted  into  a  bitumen  analogous  to  that  of 
mineral  coal.  Under  these  circumstances  caloric  destroys 
the  organic  structure,  but  does  not  sever  the  constitucHts 
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of  many  bodies,  which  would  be  otherwise  partially  dissi- 
pated. When  ignited  in  the  air,  it  were  almost  unneces- 
sary lo  say  that  hydrogen,  oxygen,  and  carbon  must  yield 
water  and  carbonic  acid  only.  These  are  the  only  pro- 
ducts of  liydrogen  and  carbon,  when  burned  where  there 
ie  an  ample  supply  of  oxygen. 

Of  the  Effects,  upon  Vegetable  Matter,  ofCklori?ie,  Bromim, 

and  iodine;  also  ojlhe  Alkalifabie  Metals,   and  somen} 

the  more  jtowerful  Acids. 

Chlorine,  bromine,  and  iodine  act  upon  vegetable  mat- 
ter, in  consequence  of  their  affinity  for  hydrogen  only; 
for  carbon  they  have  little  affinity,  and  exerting  an  attra> 
.  tion  for  oxygen  only  under  peculiar  circumstances,  in  onti- 
nary  cases  display  none. 

Where  there  is  much  carbon  in  intimate  combination, 
as  in  wax  and  resinous  substances,  chlorine  does  not  act, 
untU,  by  heat,  the  attraction  of  the  hydrogen  for  the  car- 
bon is  more  or  less  counteracted.  Where  water  is  pre- 
sent, its  decomposition  is  always  slowly  effected  by  chlo- 
rine; especially  when  any  matter,  attractive  of  oxygen, 
happens  to  be  present,  as  in  the  case  of  vegetable  colour- 
ing matter.  Hence  the  efficacy  of  chlorine  in  bleach- 
ing. 

The  alkalifiable  metals  destroy  vegetable  matter  cod- 
taming  oxygen  as  an  essential  constituent,  by  combining 
with  this  principle,  and  liberating  hydrogen.  When  pot- 
ash and  soda  are  lieated  to  redness  with  organic  sub- 
stances, they  are  converted  into  alkaline  carbonates,  ac- 
quiring the  carbon  and  oxygen  requisite  to  form  carbonic 
acid  from  the  organic  matter;  but  at  a  temperature  of 
400°,  or  450°,  those  alkalies  produce  oxalic  acid  by  the 
decomposition  of  the  organic  matter,  and  are  converted 
into  oxalates. 

Fluohydric,  fluoboric,  and  sulphuric  acid,  at  moderate 
temperatures,  destroy  organic  matter  by  their  attraction 
for  water;  in  which  respect,  they  evidently  do  not  act  a 
acids,  but  have  an  effect  analogous  to  that  of  the  drr 
alkaline  hydrates,  and  desiccated  chlorides.  '  Iho 

In  like  manner,  sulphuric  acid,  hydrate  of  potash,  ami  lius 
chloride  of  calcium  absorb  the  elements  of  water  frcan  \l9_ 
alcohol,  and  discolour  it  by  evolving  carbonaceous  nat- 
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Chlorohydric  acid  acts  feebly  on  organic  substances, 
but  so  far  as  it  does  act,  it  appears  also  to  operate  by  its 
ftfiiiiity  for  water. 

Nitric  acid,  on  the  other  hand,  has  no  other  effect  than 
to  impart  oxygen,  giving  rise  to  the  same  products  as 
combustion.  This  result  ought  not  to  excite  surprise;  as 
this  acid  is,  in  effect,  composed  of  the  atmospheric  ele- 
mei^ts,  condensed  into  the  liquid  form,  and  containing  ao 
excess  of  that  principle  which  is  the  most  active.  Owing 
to  the  volatility  of  nitric  acid,  many  substances  cannot  be 
completely  oxygenated  by  it,  unless  after  several  distilla- 
tions. Repeatedly  distilled  from  sugar,  it  first  produces 
malic  acid,*  then  oxalic  acid,  and  finally  water  and  car- 
bonic acid.  These  ultimate  results  are  inevitably  conse- 
quent to  the  ignition  of  the  nitrates  with  dry  vegetable 
substances;  as,  in  this  case,  the  base  of  the  nitrate  de- 
tains the  acid,  until  the  heat  is  adequate  to  produce  a 
powerful  reaction. 

Of  the  Influence  of  the  Proportions  of  the  Ultimate  Ele- 
ments upon  the  Qualities  of  ike  Substances  which  they 
constitute. 

It  has  been  suggested  by  Gay-Lusaac  and  Thenard, 
that  the  properties  of  vegetable  substances  may  be  in- 
ferred to  a  limited  extent,  from  the  proportions  of  their 
ultimate  elements.  He  observes  that,  no  nitrogen  being 
■present,  if  the  oxygen  be  in  a  greater  ratio  to  the  hydro- 
;gen  than  in  water,  the  compound  is  acid.  If  the  ratio  of 
tthe  oxygen  to  the  hydrogen  be  less  than  in  water,  the 
iCOmpound  may  be  acid,  but  is  generally  oily,  resinous,  ' 

ralconolic,  or  ethereal.  If  the  ratio  of  these  elements  to 
leach  other  be  the  same  as  in  water,  the  product  is  of  the 
Jiaturc  of  sugar,  gum,  or  lignin.  To  this  it  may  be  added 
that  alkalinity  in  vegetable  principles  seems  to  require  the 
presence  of  nitrogen.  , 

Of  the  Analysis  of  Organic  Substances.  1 

The  analysis  of  vegetable  and  animal  matter  has  been  1 

CLtterly  accomplished  by  heating  the  substance  with  chlo-  i 

r»te  of  potash,  or  preferably  with  oxide  of  copper,  so  as  I 

to  oxidize  all  the  carbon  and  hydrogen,  and  liberate,  in  | 

*  It  bus  Islely  been  alleged  that  a  pecaliur  ncid  ia  produced,  which  hu  been  mia-  J 

wlien  Tor  malic  acid.  J 

L IZ J 
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the  gaseous  state,  aoy  nitrogen  which  may  be  preeeot. 
The  hydrogen  has  been  in  general  estimated  from  the 
water  produced;  the  carbon,  from  the  quantity  of  ca^ 
bonic  acid.  Hence  the  products  of  the  operation  have 
been  first  passed  over  chloride  of  calcium,  and  afterwank 
subjected  to  hydrate  of  potash,  hme-water,  or  alkaline 
solutions.  The  water  is  estimated  from  the  increased 
weight  of  the  chloride,  and  the  carbonic  acid  by  the  vo- 
lume absorbed. 

ORDER  PURSUIiD  IN  TREATING  OF  VEGETABLB 
SUBSTANCES. 
It  is  conceived  that  vegetable  substances,  and  the  pro- 
cesses and  products  resulting  from  their  chemical  rea^ 
tion,  may  be  treated  of  advautageously  under  tlie  follow- 
ing heads,  in  tlie  order  in  which  they  are  mentioned^- 
1.  Vegetable  substances  which  are  neither  acid,  alkalioe^ 
oily,  resinous,  nor  volatile;  2.  Oils;  3.  Resinsj  4.  GJustt- 
resins ;  5.  Naphtha,  petroleum,  bitumens,  amber,  and 
mineral  coal;  G.  Vegetable  acids;  7.  Vegetable  alkalies; 
8.  Doubtful  vegetable  alkalies;  9.  Vinous  fenuentatioo; 
10.  Ethers;  11.  Acetous  fermentation. 


OF  VEGETABLE  SUBSTANCES  WfflCH  ARE  NEITHER  ACG). 
ALKALINE,  OILY,  RESINOUS,  NOR  VOLATILE. 

Under  tliis  title  will  be  noticed  gum  and  mucilage, »  /■ 
gar,fciula  or  starch,  gluten  and  vegetable  albujnen^  indigt  ft 
and  indigogene,  caoutchouc  or  gum  elastic,  lignin,  aotl  ' 
cork. 

OF  GUM  AND  MUCILAGE. 

The  obvious  properties  of  gum  must  be  fenuliu  to 
every  body,  as  observed  in  the  solution  of  gum  aratuc  a 
water.     Solubility  in  water,  with  insolubility  in  akohot   ? 
is  an  essential  characteristic  of  gum.     In  ether  it  is  ijh  ' 
soluble.     It  is  neither  sweet  nor  sour.     By  nitric  acid  it 
is  partially  converted  into  mucic  acid. 

Gum  is  separated  from  water  in  a  thick  curdy  preci|* 
tate  by  subacctatc  of  lead. 

It  causes  the  oxides  of  antimony  and  bismuth  to  re- 
main in  solution,  when  otherwise  they  would  be  precipi- 
tated by  water  as  sub-salts. 


J 
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Slices,  of  which  gum  is  the  generic  appellation, 
igree  in  certain  general  properties;  but  there  are,  per- 
haps, scarcely  two  exactly  alike.  They  appear  to  vary 
witli  the  plant  or  tree  to  which  they  owe  their  produc- 
tioD. 

Gum  and  mucilage  were,  until  latterly,  supposed  to  be 
Boiid  and  liquid  forms  of  the  same  matter,  but  are  now 
considered  as  differing  in  their  chemical  properties.  Gum 
is  soluble  in  water,  whetlicr  hot  or  cold;  while  mucilage 
is  insoluble  in  cold  water,  and  but  little  if  at  all  soluble 
in  hot  water.  When  subjected  to  this  liquid  at  a  boiling 
heat,  mucilage  swells  prodigiously,  and  so  far  unites  with 
the  water,  as  to  make  a  thick  paste,  or  a  glutinous  liquid. 

Gum  arable  is  considered  as  the  most  perfect  specimen 
of  the  principle  called  gum.  Berzelius  considers  the  re- 
action of  a  solution  of  this  substance  with  a  solution  of 
the  silicate  of  potash,  as  the  most  characteristic  of  its 
properties.  One  portion  of  it  forms  with  one  part  of  the 
alkali  and  all  the  acid,  a  triple  compound  which  precipi- 
tates; while  another  portion  of  the  gmn  and  the  remainder 
of  the  potash  combine  and  remain  in  solution. 

Gum  arable  differs  from  other  gums  in  combining  with 
the  sesquioxide  of  iron,  and  forming  a  compound  insoluble 
in  water,  but  soluble  in  acids.  A  solution  of  gum  arabic 
in  1000  parts  of  water,  being  mixed  with  a  solution  of  the 
BCBquioxide  of  iron,  yields,  in  24  hours,  a  yellow  precipi- 
tate. This  species  of  gmn  also  combines  with,  and  pre- 
cipitates the  protoxide  of  mercury  from  the  nitrate. 

Of  mucilage,  infusions  of  gum  tragacanth  and  flaxseed 
are  deemed  the  best  specimens.  From  the  bark  of  the 
slippery  elm,  and  the  pitli  of  sassafras,  especially  the  lat- 
ler,  very  superior  species  of  mucilage  are  obtained. 

"Guerin  tias  published  an  elaborate  examination  of  the 
JXims.  He  divides  them  into  three  classes:  1.  Arabia, 
*f  which  gum  arabic  is  the  type,  soluble  in  cold  water; 
i-  Bassorin,  which  swells  into  a  jelly,  but  docs  not  dis- 
lolve  in  water:  Bassora  gum  is  the  type  of  this  class; 
t-  Cera-iin,  from  the  gum  of  the  cherry-tree  (Ccrasus) 
s  also  insoluble  in  cold,  but  soluble  in  boiling  water,  and 
«^hen  treated  with  nitric  acid,  gives  about  one-fourth  less 
Ducic  acid  than  bassorin. 

"  Arabin,  by  his  analysis,  consists  of  carbon  48-81,  hy- 
Lrogen  6*2,  oxygen  49'80,  nitrogen  0-14  =  6C+51I+50. 
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Gum  Senegal,  and  the  soluble  parts  of  gum  tragacaath  and 
bassora  gum,  consist  ofarabin. 

'■'■  Bassorin  =  carbon  37*28,  hydrogen  6*85,  ox^eo 
55-87=  lOC+llH+llO. 

"  Cerasin  appears  to  be  mctamorphic  arabin ;  for  it 
has  precisely  the  same  composition,  and  is  changed  into 
it  by  solution  in  boiling  water.  The  gums  of  the  cben), 
apricot,  prune,  peach,  and  almond-tree,  are  of  this  kind."* 

OF  SUGAR. 

Under  this  head  I  would  place  two  genera  of  substances; 
crystallixabic  sugars,  and  syrups  incapable  of  crystallia- 
tiou.  Of  the  former,  sugar  candy,  and  the  crystals  fonod  I 
in  raisins  and  honey,  are  specimens.  The  latter  are  ei- 
emphfied  by  the  uncrystalUzable  syrups  of  raisins  and  of 
honey;  also  the  sweet  matter  of  the  sweet  potato,  sni 
molasses,  called  the  uncrystalUzable  syrup  of  the  su^  | 
cane.  I  conceive  sweetness  to  be  an  indispensable  attb- 
bute  of  sugar. 

The  qualities,  both  of  crystallizable  and  uncrystalliza- 
blc  sugars,  vary  with  the  plants  from  which  they  are  pro- 
duced. In  the  power  of  imparting  sweetness  to  infusioDSi 
the  crystallizable  sugar  of  tlie  cane  is  pre-eminent. 

In  manna,  which  is  the  concrete  juice  of  a  species  a 
ash  (Fraxinus  ornus),  there  is  a  peculiar  crystallizabl 
sugar,  called  mannite.  In  mushrooms,  also,  a  peculii 
sugar  is  said  to  exist. 

Sugar  is  soluble  in  about  an  equal  weight  of  cold  waUB 
Above  a  boiling  heat,  it  becomes  a  liquid  per  se,  diss<^ 
ing  in  its  water  of  crystallization.  Alcohol  dissolves  ot» 
fourth  of  its  weight  of  sugar. 

Berzelius  observes  that,  judging  from  the  experimoa 
which  have  hitherto  been  made,  sugar  does  not  combiB 
with  any  salt,  but  reacts  with  many  metallic  salts.  Ya 
he  alleges  that  its  aqueous  solution  dissolves  the  carbc* 
ate  antisubacetate  of  copper,  giving  rise  to  a  green  liqi  ' 
from  which  the  metal  may  be  precipitated  by  sulphyd 
acid,  or  cyanoferrite  of  potassium,  but  not  by  alkafiui^ 
When  boiled  with  solutions  of  cupreous  salts,  it  cannr 
the  reduction  of  the  copper. 

*  JobiiBODs  Report  I'or  IdXi,  page  511. 
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OF  FECULA  OR  STARCH. 

L  substance,  of  wliich  starch  is  a  good  specimen,  and 
which  the  generic  name  is  fecuia,  may  be  obtained 
t)m  the  meal  or  flour  of  grain,  and  from  ttie  roots  of  the 
potato  and  other  vegetables.  It  is  more  or  less  a  con- 
stituent of  vegetables  in  general.  When  the  farinaceous 
matter,  procured  from  such  sources  by  rasping  or  grind- 
ing, is  washed,  the  fecuia  is  suspended  and  subsequently 
deposited. 

It  was  discovered  by  Leeuwenhoeck,  with  the  aid  of  a 
microscope,  in  1710,  that  starch  consists  of  globular 
ffraios,  each  enveloped  in  a  tegument,  pocket,  or  sac,  dif- 
lering  from  the  internal  mass.  In  1825,  these  observa- 
tions were  confirmed  and  extended  by  Raspail,  who  also 
observed  that  the  envelop  or  tegument  was  insoluble  in 
water,  while  the  interior  portion  was  soluble  in  this  liquid. 
He  also  ascertained  that  the  globules  which  constitute  po- 
tato starch,  do  not  exceed  in  diameter  one-eighth  of  a 
milJiraetre;  those  of  wheat  starch  do  not  exceed  one- 
twentieth  of  a  millimetre,  nor  those  of  starch  from  millet, 
tA^Ui  of  a  millimetre.  As,  according  to  Payen  and  Per- 
80Z,  the  tegument  does  not  form  more  than  four  or  five 
thousandths  of  the  weight,  the  internal  portion  may  be 
considered  as  characterizing  the  whole,  uninfluenced,  to 
any  important  extent,  by  the  tegumentary  matter. 

In  the  case  of  wheat,  and  other  grain  of  a  like  nature, 
fermentation  is  requisite  to  hberate  the  fecuia  from  other 
matter. 

Fecuia  forms  a  black  colour  with  a  great  quantity  of 

iodine,  a  blue  with  less,  and  a  violet  with  still  less.    It 

does  not  combine  with  cold  water,  but  forms  a  viscid  so- 

1  lution  with  hot  water.     It  is  neither  dissolved  nor  acted 

npon  by  alcohol  or  ether. 

Fecuia  dissolves  in  cold  nitric  acid;  but,  when  heated 

:  with  it,  yields  oxalic  acid.     A  slight  torrefactiou  changes 

:  its  nature,  so  that  it  may  be  used  as  a  substitute  for  gura. 

Triturated  with  potash,  fecuia  acquires  the  property  of 

dissolving  in  cold  water.     The  solution  is  clouded    by 

acids. 

Its  solution  in  hot  water  is  precipitated  by  subsalts  of 
lead,  and  in  cold  water  by  an  infusion  of  galls. 
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Of  the  Conversion  of  Fecula  into  Dextrine  and  Raisin 
Sugar. 

Boiled  with  diluted  sulphuric  acid  for  about  thjrty-ai 
hours,  fecula  is  converted  into  sugar.  A  similar  change 
is  alleged  to  have  ensued  partially  in  starch,  which  wai 
made  into  a  paste  with  twelve  times  its  weight  of  boiling 
water,  and  kept  for  two  years.  By  the  addition  of  gin. 
ten,  and  the  application  of  a  heat  between  122"  and  167 
F.,  a  similar  result  is  said  to  have  been  attained  in  about 
ten  or  twelve  hours. 

It  is  well  known  to  those  who  arc  acquainted  with  the 
manufacture  of  whiskey  I'rom  grain,  that  a  portion  of  malt 
is  necessary  to  render  the  wash  or  wort  susceptible  of  the 
vinous  fermentation,  and  that  the  product  ia  much  affected 
by  the  circumstances  under  which  the  infusion  of  the  grain 
ie  accomplished.  More  than  twenty  years  ago,  my  late 
friend,  Col.  Anderson,  who  had  distinguished  himself  bj- 
his  ingenuity  and  sagacity  in  improving  the  processes  and 
apparatus  of  our  American  distilleries,  observed  to  me 
that  the  mixture  of  grain  and  water  became  sweeter  to- 
wards the  close  of  the  process  of  infusion,  and  that  be 
believed  a  chemical  change  was  induced,  by  which  more 
or  less  sugar  was  generated.  This  inference  of  our  in* 
genious  countryman  has  been  fully  justified  by  tlie  re. 
searches  of  Fayen  and  Persoz,  of  Paris,  whence  it  ap- 
pears that,  by  digestion  with  malt,  fecula  is  partially 
changed  into  raisin  sugar,  and  partially  into  a  soluble 
substance  called  dextrine,  from  a  peculiar  influence  which 
it  exercises  upon  the  plane  of  polarization,  during  the  re- 
flection of  hght. 

The  property  of  saccharifying,  thus  existing  in  mall, 
has  been  traced  to  a  peculiar  principle  called  diaslatc, 
which  exists  therein,  in  a  proportion  not  exceeding  a  five- 
hundredth  part.  It  is  obtained  by  moistening  grouDd 
malt  with  half  its  weight  of  water,  and  exposing  the  mags 
to  pressure.  The  exuding  liquor  is  mingled  with  a  quan- 
tity of  alcohol,  sufficient  to  remove  viscidity,  and  next  fil- 
tered. The  liquor  resulting  is  then  subjected  to  alcoJlol 
of  340°,  by  which  the  diastase  is  thrown  down  irapuR' 
By  three  successive  solutions  in  water,  and  precipitatiMS 
by  the  same  means,  also  subsequent  exposure  on  a  glass 
pane,  in  thin  layers,  to  a  current  of  air  of  about  1 30°  F-  ' 
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?  and  dry  diastase  is  obtained  in  the  state  of  a  white 
iiorphous  solid  matter.  j 

I  Diastase  docs  not  alter  gum,  sugar,  gluten,  nor  albu- 
MQ,    nor    the   teguments  of  fecula,   but   operates    sur-  I 

'prisingly  on  fecula  proper,  in  changing  it  more  or  less 
into  sugar.     This  change  is  eflected  without  any  absorp- 
tion of  the  air,  or  any  evolution  of  gaseous  matter,  and 
K^es  place  either  in  pleno  or  vacuo. 
H  One  hundred  parts  of  starch,  mingled  with  39  parts  of 
Mrater  at  about  90°  F.,  afterwards  mixed  with  6.13  parts 
of  diastase,  dissolved  in  40  parts  of  cold  water,  and  di- 
gested for  an  hour  at  a  temperature  between  90°  and  | 
100°,  gave  86.91  parts  of  sugar.                                                        , 

The  starch  is  never  entirely  converted  into  sugar  at  | 

one  operation,  a  portion  being  brought  only  to  the  inter- 
mediate state  of  dextrine.    Yet  by  removing  the  sugar  by  l 
alcohol,  and  renewing  the  reaction  with  the  diastase,  the            1 
whole  of  the  fecula  may  be  saccharified,  if  I  may  be  al- 
lowed to  use  this  word,  trusting  to  analogy  rather  than 
authority  for  justification. 

According  to  Mr.  Caventou,  by  exposure  to  a  tempe- 
rature a  little  above  212°,  dry  starch  acquires  a  slightly 
red  tint,  and  emits  the  odour  of  baked  bread.     The  modi- 
fication which  it  sustains,  under  these  circumstances,  is 
analogous  to  that  which  ensues  when  it  is  gelatinized  by 
hot  water.    In  this  state,  it  has  been  considered  as  a  hy- 
drate of  fecula;  but  it  is  alleged  by  him  that  the  jelly  can- 
not be  restored  to  its  original  state.     He  regards  it  as  ] 
essentially  the  same  substance  as  that  which  T.  dc  Saus-  | 
sure  has  designated  as  amydine.     The  blue  colour  pro-  j 
duced  by  iodine  with  starch,  Mr.  Caventou  considers  as 
the  characteristic  effect  of  amydine. 

When  starch  is  exposed  to  a  temperature  higher  than  | 

is  necessary  to  convert  it  into  amydine,  it  becomes  more 
soluble  in  cold  water,  and  produces,  with  iodine,  a  purple 
colour.  I 

Amydine  forms  an  insoluble  compound  with  protoxide  , 

of  lead,  when  digested  with  the  subacetate.  - 

Besides  gluten  and  fecula,  barley  is  alleged  to  contain  1 

a  principle,  called  hordein,  resembling  sawdust  in  itM  ox-  i 

ternal  characters,  and  supposed  by  Dr.  Thomwin  to  be  i 

only  a  variety  of  fecula. 

Hordein  is  supposed  to  be  converted,  during  ilie  mult* 
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iiig  process,  into  sugar  and  starch.  This  conjecture  is 
much  strengthened  by  the  discovery,  that  lignin,  to  vfhich 
hordein  is  most  analogous,  may  be  converted  into  sugar. 

Of  the  Composition  of  Gum,  Sugar,  and  Starch. 

The  proportions  in  which  hydrogen,  oxygen,  and  car- 
bon exist  in  gum,  sugar,  and  starch,  are  nearly  the  same. 
Gum  and  sugar  may  be  deemed  compounds  of  carbon  with 
water;  as,  in  either,  the  hydrogen  and  oxygen  are  in  the 
proportion  necessary  for  forming  that  hquid.     Gura  may  j 
also  be  considered  as  a  compound  of  carbonic  oxide  witi  I 
hydrogen;  as  it  is  said  to  contain  an  equal  number  of  the  I 
atoms  of  each  uhimate  element. 

In  sugar,  there  is  a  small  excess  of  carbon. 

The  composition  of  starch  differs  but  little  from  that  of 
gum  and  sugar. 

According  to  Dumas,  the  composition  of  anhydrous 
sugar  is  sucTi,  that  it  may  be  represented  by  a  conipouild 
of  carbonic  acid  and  etherine.  Hence  it  would  corres- 
pond with  the  probable  composition,  though  not  with  ^e 
properties  of  carbonic  ether,  supposing  the  existence  of 
such  an  ether  to  be  possible. 

Agreeably  to  an  analysis  made  byOpperman,  the  com- 
position of  manna  sugar  accords  with  that  which  is  aft- 
signed  to  gum. 

OF  GLUTEN  AND  VEGETABLE  ALBUMEN. 

Plants  contain  substances  which  have  been  designated 
as  vegeto-animal,  on  account  of  their  analogy  with  the 
white  of  egg,  and  the  fibrin  of  animal  matter.  Nitrogen 
is  always  an  ultimate  element  in  them,  and  occasionally 
sulphur  and  phosphorus.  As  they  are  to  be  found  in  all 
vegetables  to  a  greater  or  less  extent,  it  appears  proper 
to  arrange  them  under  the  head  of  the  general  principles 
of  vegetables,  although  in  a  majority  of  vegetables,  odIt 
very  minute  quantities  are  to  be  detected.  The  glutinous 
mass  which  remains  when  wheat  flour  is  kneaded  in  a 
bag  under  water,  had  received  the  name  of  gluten.  Lat- 
terly this  mass  has  been  separated  into  two  distinct  prin- 
ciples; one  of  which  retains  the  name  of  gluten,  while  to 
the  other,  the  appellation  of  vegetable  albumen  has  been 
given,  on  account  of  the  coagulation  of  its  aqueous  solu- 
tion by  heat.    By  Einhof  and  Taddei,  it  was  ascertainfti 
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that  the  mass  called  gluten,  as  abovementioned,  was  partly 
soluble,  and  partly  insoluble  in  boiling  alcohol.  The  solu- 
ble portion  Taddei  called  g/iadine,  the  insoluble  portion 
zimome;  but  Berzelius  designates  the  former  as  gluten,  the 
latter  as  vegetable  albumen. 

Vegetable  albumen  is  found  in  all  those  products  of  vege- 
tation which  yield  emulsions  when  triturated  with  water; 
as,  for  instance,  in  almonds,  in  which  it  is  in  a  state  of 
combination  with  an  oil.  It  exists  in  all  vegetable  juices 
which  are  coagulated  by  heat. 

It  is  not  adhesive.  By  desiccation  it  becomes  opake. 
Caustic  alkalies  dissolve  it  readily,  having  their  causticity 
diminished.  By  a  great  excess  of  acid  it  precipitates  from 
the  solution,  but  not  otherwise;  although  the  acid  pre- 
dominates sufficiently  to  redden  litmus.  When  precipi- 
tated by  an  excess  of  acid,  it  subsides  in  combination  with 
the  acid,  and  may  be  redissolved  by  pure  water,  but  not 
by  a  diluted  acid.  From  the  last  mentioned  solution,  the 
albumen  is  precipitated  very  readily  by  the  cyanofcrrite 
of  potassium,  or  the  bichloride  of  mercury. 

it  is  to  destroy  the  gluten  and  vegetable  albumen,  that 
fermentation  is  required  in  the  manufacture  of  starch. 

Gluten  is  distinguished  by  its  approaching  more  to  the 
naturfe  of  animal  matter,  than  any  other  product  of  vege- 
tation, excepting  vegetable  albumen.  In  consequence  of 
the  presence  of  nitrogen,  it  yields  ammonia  by  distillation. 
It  is  to  the  presence  of  gluten  in  wheat,  that  its  pre-emi- 
nence in  nutritive  power  is  attributed. 

To  the  glutinous  property  of  this  substance,  dough  is 
supposed  to  owe  its  rising,  during  the  process  of  panifica- 
tion,  after  being  mixed  with  leaven  or  yeast. 

The  cellular  part  of  leavened  bread  is  indebted  for  its 
existence  to  gluten,  which,  by  confining  the  gaseous  mat- 
ter arising  from  an  incipient  fermentation,  is  inflated  into 
innumerable  cavities. 

Gingerbread  owes  its  cellular  structure  to  a  diflerent 
process.  Among  its  ingredients  are  molasses  and  pearlash, 
the  latter  consisting  of  potash  and  carbonic  acid.  By  the 
fermentation  of  the  flour  and  molasses,  an  acid  is  gene- 
rated, which,  combining  with  the  potash,  liberates  the  car- 
bonic acid.  This  gas,  by  expanding  within  the  dough  in 
consequence  of  the  heat  of  the  oven,  causes  innumerable 
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cavities,  resembling  tbose  produced  in  the  ordinary  pro- 
cess of  panification. 

Probably  a  bicarbonate  would  cause  the  rising  of  gin- 
gerbread lietter  than  pearlasb,  as  it  would  3'ield  double 
the  quantity  of  gas. 

A  bicarbonated  alkali  is  found  to  act  as  a  leaven  in 
cakes,  when  old  cider  is  mingled  with  the  dough.  No 
doubt  lemonade  would  answer  the  same  purpose. 

Farinaceous  matter,  destitute  of  gluten,  can  only  be 
made  into  heavy  cakes,  as  exemplified  by  those  of  Indian 
meal. 

Oneoftheprincipaldefectsof  bread,  is  sourness,  arising 
from  acidity  in  the  yeast.  This  may  be  easily  removed 
by  pearlash,  or  a  filtered  infusion  of  clean  ashes.  Car- 
bonate of  ammonia  is  also  used  by  bakers,  and  proba- 
bly promotes  the  lightness  of  the  bread  by  its  vapori- 
zation. 

OF  INDIGO  AND  INDIGOGENE. 

According  lo  Liebig,  the  blue  colouring  matter  of  the  crude  indigo  cf 
commerce,  consists  of  a  substance  which  he  calls  indigogene,  and  oxfRCDi 
He  conceives  tliat  indigogene  pre-exists  in  Hk  plants,  and,  wbeo 
white.  When  the  indigo  plant  is  macerated  in  water,  the  ind^ 
being  soluble  in  that  liquid,  is  dissolved,  and  by  the  oxygen  of  the  at 
converted  into  indigo  blue,  which  is  insoluble.  This  subslaace  is  dani- 
dized  by  the  dyer,  by  means  of  green  vitriol  aod  time.  While  thus  itn- 
dered  soluble,  and  yellow  in  colour,  the  indigogene  unites  with  the  doth, 
and,  regaining  its  oxygen  aad  its  insolubility  by  exposure,  dyes  the  dodi 
permanently  blue. 

Indigo  is  soluble  in  concentrated  sulphuric  acid,  especially  that  ofNoi^ 
hauscn.     Berzelius  alleges  the  resultmg  combination  to  be  productive  tf 

Indigotic  acid  is  produced  by  the  reaction  of  nitric  acid  with  indigo. 

OF  CAOUTCHOUC  OR  GUM  ELASTIC. 

Caoutchouc  exudes,  in  the  iluid  state,  frota  certain  plants,  and  cntigeali 
In  the  form  of  the  mould  on  which  it  may  be  received.  It  is  a  most  m- 
gutar  substance,  on  account  of  its  peculiar  elasticity;  whence  its  pojiulu 
name  abovementtoned.  It  is  insoluble  either  in  water  or  alcohol,  but  dis- 
solves  in  ether  or  the  volatile  oils,  espocially  those  ofturpentiae,  aassnfrw, 
cajeput,  and  naphtha.  When  recovered  from  its  solution  in  these  oils  bj 
evaporation,  it  docs  not  fully  re^n  its  elasticity ;  but  it  is  said  to  recorer 
this  property  when  precipitated  from  cajeput  oil  by  alcohol.  It  burns  siib 
a  bright  flame,  especially  in  oxygen  gas.  Afler  a  length  of  time,  it  is  add 
on  by  alkalies  and  fixed  oils ;  and,  merely  by  the  mechanical  ootnpmuai 
of  a  tight  bandage,  undergoes  a  species  of  disorganization,  rendering  il 
more  adhesive  and  less  elastic. 

It  yields  ammonia  by  distillation,  and  of  course  contains  niliogcn.  ll 
warm  when  suddenly  extended. 
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egieat  inflammability  of  caoutchouc  has  been  illuatrated,  page  155. 
By  exposure  to  hcai,  not  much  above  that  of  boiling  water,  caoutchouc 
loses  into  a  viscid  liquid  of  the  consistency  of  lur>  In  uudei^oing  thia 
diange.  It  docs  not  necessarily  lose  any  weight,  but  b  irretrimably  deprived 
«f  the  organic  structure  to  whici)  it  owes  its  elasticity.  By  distillation,  and 
eareful  rectification  of  the  products,  Messrs.  Enderby,  of  London,  have 
Iprocured  from  caoutchouc,  a  liquid  as  volatile  as  bydric  ether,  and  of  the 
||iecilic  gravity  of  0.64,  so  that  it  is  peculiarly  light.  To  this  artificial 
naphUia  the  name  of  caoulckouchine  has  been  given.  It  is  colourless  and 
inflammable,  soluble  in  alcohol,  and  a  solvent  not  only  of  resins,  but  also 
of  caoutchouc,  which  is  deposited  from  it  by  evaporation  unchanged.  It 
would  seem,  therefore,  that  artists  will  no  longer  have  to  complain  of  the 
mat  of  a  good  solvent  of  that  useful  and  wonderful  product  of  vegetation. 
It  has  been  ascertained  by  Dr.  Mitchell  that  caoutchouc  bags,  afler 
■oaklng  in  a  mixture  of  ether  and  alcohol  of  the  specific  gravity  of  from 
760°  to  780',  or  the  usual  oSicinal  strength,  may  be  inflated  with  air,  and 
the  material  of  which  they  consist  consequently  extended  to  various  de< 
Erees  of  tenuity,  according  to  the  peculiar  character  of  the  variety  sub- 
jected to  trial.  Hence  it  may  be  used  to  make  balloons,  gas  bags,  or  sheet 
gum  elastic,  which  is  very  useful  for  fillets,  with  which  to  make  atr-iighl 
junctures  or  lutings.  There  ts  no  better  mode  of  joining  a  tube  to  the  tu- 
bulure  of  a  retort,  or  lecciver,  than  by  tying  about  the  tubulure  tlie  body 
of  a  small  caoutchouc  bag,  while  the  tube  is  inserted  into  the  neck,  and 
carefully  secured  by  a  ligature.  Fused  caoutchouc  is  useful  in  some  cases 
na  a  lute.  It  will  not,  however,  resist  fuming  nitroao-nitric  acid.  I  have 
observed  that  it  takes  fire  when  subjected  to  that  acid. 

Dr.  Mitchell  has  made  some  very  interesting  observations  respecting 
the  power  of  gases  to  pass  through  thin  membranes  of  caoutchouc.  By 
some  inconceivable  process,  gases,  which  are  all  prone  in  a  greater  or  less 
d^ree  to  reciprocal  Intermixture,  will  effect  this  result,  notwithslauding  the 
interposition  of  caoutchouc,  and  the  opponent  influence  of  greet  pressure- 
When  a  vessel  filled  with  atmospheric  air,  and  having  the  mouth  closed 
by  a  caoutchouc  membrane,  was  introduced  into  a  vessel  of  hydrogen,  this 
gas.mado  its  way  into  the  vessel,  until  the  membrane  burst  outwanls ;  but 
when  tho  vessel,  while  similarly  closed  by  the  membrane  and  replete  with 
hydrogen,  was  exposed  to  common  air,  the  hydrogen  escaped  until  the 
membrane  burst  inwards.  A  tube,  with  a  Irum pot-shaped  moulh,  being 
bent  so  as  to  form  a  syphon,  and  ihe  larger  orifice  closed  by  the  membrane 
while  full  of  atmospheric  air,  a  suitable  quantity  of  mercury  was  poured 
into  the  syphon,  until  it  stood  in  both  legs  at  the  same  height.  Under  lliese 
circumstances,  when  (he  membrane  was  brought  into  contact  successively 
with  difTerenl  gases,  they  were  found  (o  enter  with  various  degrees  of  ce- 
lerity, as  will  appear  from  the  following  statement: — 

Ammoniacal  gas 

Sulpliydric  acid 

Cyanogen 

Carbonic  acid 

Protoxide  of  nitn^n 

Arscniurettcd  hydrogen 

Olefianl  gas 

Hydn^n 

Oxygen 

Carbonic  oxide 

Nitrc^n 
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The  gases  continued  in  sorae  iDsiances  to  enter  until  the  mercury  in  (be 
\oagei  leg  rose  to  the  height  of  sixty  incheai 

These  results  nppear  to  mc  wonderful,  and  their  attainment  does  not 
honour  lo  the  sagacity  and  ingenuity  of  the  aullior.  It  is  quite  Burpmof 
that  the  aloma  of  anunouin  should  pass  through  the  membrane  with  gnUo 
celerity  than  those  of  hydrogen,  when  each  of  the  former  consists  of  thrw 
of  (he  last  mentioned  gas,  united  with  one  atom  of  nitrogen.  Also  tbii 
two  atoms  of  oxygen,  while  associated  with  an  atom  of  carbon,  thodi 
permeate  the  membrane  more  speedily  than  an  isolated  atom  of  oxygen. 

It  also  appears  from  experiments  made  by  Dr.  Mitchell,  and  lepwd 
by  myself,  that  caoutchouc  is  probably  more  highly  susceptible  of  dactrie 
excitement,  than  any  other  organized  body;  and  probably  is  at  least  equd 
in  excitability  (o  any  inoi^anic  substance. 

OF  LIGMN. 

The  insoluble,  tasteless,  inodorous,  and  tenacious  fibres 
of  wood,  hemp,  or  flax,  have  been  dislinguislied  as  a  pe- 
culiar vegetable  substance,  called  lignin. 

From  the  experiments  of  Mr.  Braconnot,  it  appean 
that  lignin  may  be  converted  into  gimi  or  sugar,  by  means 
of  sulphuric  acid.  Some  linen  rags  were  triturated  with 
concentrated  sulphuric  acid,  until  the  fibres  disappeared. 
The  resulting  mixture  being  diluted  witli  water,  and  the 
acid  saturated  with  chalk,  the  aqueous  solution,  when  se- 
parated by  the  filter  and  evaporated,  yielded  a  species  o( 
gum,  in  weight  exceeding  the  linen  employed.  AVlien  in- 
stead of  saturating  the  acid  with  chalk,  as  aboveraentioned, 
the  mixture  of  acid  and  mucilage,  produced  by  the  reac- 
tion of  the  acid  and  lignin,  was  diluted  with  water,  and 
boiled  for  about  ten  hours,  the  acid  then  saturated,  and 
the  liquor  afterwards  filtered  and  evaporated,  crystals  of 
a  sugar,  resembling  the  sugar  of  raisins,  were  obtained. 

By  reducing  the  fibres  of  wood,  previously  subjected  to 
boiling  water  to  remove  every  thing  soluble  in  that  liquid, 
to  a  state  of  minute  division,  and  subsequently  exposing 
them  to  the  heat  of  an  oven,  they  are  converted  iotoi 
flour  capable  of  forming  either  a  nutritious  jelly,  or  bread 
sufficiently  good  to  be  eaten. 

The  specific  gravity  of  lignin  is  greater  than  that  (rf 
water,  the  apparent  lightness  of  wood  heing  due  to  iU 
pores. 

OF  CORK, 

Cork  is  considered  as  a  distinct  principle,  as  its  vetT 
peculiar  mechanical  qualities  would  indicate.  It  foniiSr 
by  the  action  of  nitric  acid,  a  peculiar  acid,  called  suherii 
acid. 


FIXED  OILS. 


SECTION    II. 


Oils  are  divided  into  fixed  and  volalile.     Oleaginous 

nbstances,  like  oHve  oil,  castor  oil,  fat,  lamp  oil,  which 

annot  be  distilled  unaltered,  are  cnired  fixt^d  oils;  while 

!  are  called  volatile,  which,  like  the  oil  or  spirit  of 

tarpentine,  petroleum,  cajeput,  &c.,  may,  without  change, 

sustain  the  process  of  distillation. 

The  inspissation  observed  in  oils,  whether  fixed  or  vo- 
Jatile,  during  exposure  to  the  air,  is  generally  ascribed  to 
heir  oxygenation.  It  seems  to  me  probable  tliat  oxy- 
[cn  acts  by  converting  hydrogen  into  water  which  evapo- 
ates. 
It  was  suggested  by  Dr.  Henry,  of  Manchester,  that 
this  absorption  of  oxygen  accounts  for  the  unhealthful- 
ness  of  newly  painted  rooms.  It  appears  to  me  that  the 
Sreathing  of  one  person  would  consume  more  oxygen 
ban  the  paint  of  any  common  room. 

I  think  it  probable  that  the  vapour  which,  by  its  escape, 
au&es  the  hardening  of  the  paint,  carries  of!*  a  minute 
ortion  of  the  pigment.  That  something  is  volatilized,  is 
erceptible  by  the  smell. 

OF  FIXED  OILS. 

Among  the  most  remarkable  of  the  vegetable  fixed  oils, 


!  those  of  the  olive,  of  linseed,  of  poppy  seed,  and  rape 
leed.  Being  procured  by  expression,  they  contain  muci- 
ge.  To  the  presence  of  this,  their  liability  to  become 
_ncid  has  been  ascribed.  Rancidity  I  suppose  to  arise 
■om  a  sort  of  slow  combustion,  during  winch  oxygen  iit 
bsorbed.  It  is  not  improbable,  however,  that  the  oxi- 
lizemeot  of  the  oil  may  be  accelerated  by  the  decompo- 
idtioD  of  the  water  in  the  mucilage. 

Fixed  oils  owe  their  colour  in  part  to  some  extraneous 
natter,  which  may  be  removed  ay  charcoal.  They  are 
heavier  than  alcohol,  and  lighter  than  water,  nnd  arc 
more  or  less  soluble  in  ether,  especially  castor  oil.  I  jn- 
Beed  and  olive  oil  are  t^oluble  in  alcohol,  which  hnii  \Mxn 
dwrived  of  water  by  pearlaith.  Cattor  oil  may  be  difl- 
Bofred  io  any  proportion  in  alcohol  thus  Htrf^ngtbened. 
The  temperatures  at  which  diflerc'  ^  ■"»:,  arc  v«',rj 
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various;  and  every  oil  appears  to  be  tlecomposable  by 
heat  or  refrigeration,  into  a  less  fusible  and  more  fusi- 
ble oil.  Hence,  in  cold  weather,  a  portion  of  the  oil  of 
olives  may  be  seen  congealed,  while  the  remainder  is  still 
liquid. 

The  soaps  which  the  fixed  oils  generate  with  the  alka- 
hes  are  well  known,  and  pre-eminently  useful.  I  stated 
above,  that  all  of  them  appear  to  be  decomposable  by  heat 
or  refrigeration,  into  a  less  fusible,  and  a  more  fusible  por- 
tion. It  appears,  from  the  experiments  of  Chevreul,  that 
vegetable  and  animal  oils  are  composed  of  two  dilTcrent 
matters,  both  soluble  in  hot  alcohol;  but  one  of  them, 
much  less  so  in  cold  alcohol.  Hence,  by  the  agency  of 
this  liquid,  he  was  enabled  to  separate  them.  The  le^ 
soluble  substance  is  called  slearin,  and  the  other  cAwn. 
These,  in  the  process  of  saponification,  give  rise  to  two 
or  three  acids,  which,  combining  with  the  alkali,  constitute 
soap.  The  acids  produced  by  stearin,  arc  called  margarie, 
and  stearic;  tliat  formed  by  elain,  oleic.  Another  matter 
is  at  the  same  time  liberated  in  small  quantity,  called  the 
sweet  principle  of  oils,  or  glycerine. 

With  soda,  oils  form  hard  soap,  with  potash,  sofl  soap; 
but  tlie  one  is  made  to  produce  the  other  by  the  additicffl 
of  chloride  of  sodium.  The  chlorine  unites  with  the  po- 
tassium, and  the  sodium  with  the  oxygen  and  acids  wtucb 
the  potassium  abandons. 

Water  is  said  to  be  hard,  when  it  curdles  a  solution  of 
soap.  This  quality  usually  arises  from  tlie  presence  of 
sulphate  of  lime,  or  chloride  of  sodium,  or  both. 

Sulphur  and  phosphorus  are  soluble  in  fixed  oils.  An 
important  distinction  is  to  be  recollected,  existing  betweeu 
what  are  called  drying  oils,  and  those  which  are  devoid 
of  the  property  thus  indicated.  Linseed  oil  is  rendered 
drying  by  boihiig  it  with  the  oxides  of  lead. 

It  has  been  suggested  that  tlie  oil  is  deprived  of  muci- 
lage during  this  process;  as  an  affinity  is  known  to  sub- 
sist between  mucilage  and  the  protoxide  of  lead.  Witt 
out  the  property  of  drying,  fixed  oils  could  not  be  used  in 
varnish  or  in  paint. 

The  fixed  oils,  when  distilled,  yield  a  volatile  oil  and 
carburetted  hydrogen;  carbon  remaining  in  the  retort 
The  volatile  oil,  thus  obtained,  is  formed  during  the  pro- 
'":8s.    By  combustion  in  the  open  air,  or  with  oxygen, 
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ixed  oils  are  converted  into  carbonic  acid  and  water. 
[Tiey  consist  of  carbon  and  hydrogen,  and  a  Biuall  pro- 
ortion  of  oxygen.  Nitric  acid  acts  with  great  energy 
n  thera,  and,  by  imparting  oxygen,  renders  tliem  tliicker. 
3ilorine  has,  indirectly,  the  same  effect.  Probably  by  re- 
Doving  hydrogen,  it  increases  the  proportion  of  oxygen 
p  the  compound. 

The  fixed  oils,  especially  the  drying  oils,  have  the  pro- 
lerty  of  inflaming  with  nitric  acid,  and  of  entering  into 
lombustion  with  lampblack,  or  other  light  carbonaceous 
satter;  also  with  cotton,  wool,  and  flax.  Inllammation 
las  been  alleged  to  arise  from  their  admixture  with  ashes. 

Wax. — This  substance,  which  is  considered  by  modern 
hemista  as  a  concrete  fixed  oil,  is  generally  a  product  of 
regetation.  It  covers  leaves  and  fruits,  and  constitutes, 
^principally,  the  pollen  of  flowers.  Being  thus  extensively 
iroduced  by  vegetation,  beeswax  was  supposed  to  be  col- 
icted,  not  secreted  by  the  insects,  through  whose  iiiatru- 
lentaUty  it  is  obtained.  It  has  since  been  advanced  by 
Juber  that  bees  which  have  access  to  nothing  but  sugar, 
an  produce  wax;  and  Oppermann  has  alleged  that  pure 
regetable  wax  differs  from  beeswax  in  composition. 

There  are  considerable  differences  in  wax,  as  to  fusi- 
ality,  colour,  &c.     White  wax  is  produced  by  a  blcach- 

j  process,  analogous  to  that  by  which  hnen  is  whitened. 
t  is  exposed  in  thm  lamina;  to  chlorine  or  the  air. 

Wax  is  insoluble  in  water.  Boiling  alcohol  dissolves 
ibout  one-twentieth  of  its  weight.  It  retains,  on  cofiling, 
imly  Tonth,  and  this  precipitates  on  adding  water.  Kthor, 
irhen  boiling,  takes  up  one-twentieth.  'Fhe  ulkalieit  con- 
cert it  into  a  species  of  soap.  Acids  do  not  act  on  it. 
lence  it  is  of  great  use  to  defend  corks,  and  other  sub- 

jices  exposeato  them.  It  is  the  bcKt  material  for  can- 
lies,  owing  to  its  yielding  a  tolerably  pure  carhuretted 
hydrogen,  and  being  less  fusible  than  uillow. 

According  to  Dr.  John,  wax  consistH  of  two  difii'rcnl 
principles,  of  which  one  is  sfjitible,  the  other  iii«(iliil)te  in 
alcohol.  To  the  former  he  has  given  the  riniri''  of  vntn, 
to  the  latter  that  ofmyricin. 

OF  VOLATII.B  OtlJl. 

The  volatile  or  essential  oib,  with  the  excnnlioti  of 
those  from  the  rioda  of  lemons  and  uranguo,  wmcli  nrr 
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procured  by  expression,  are  separated  from  the  vegetable 
substances  in  which  tliey  exist,  by  distillation  with  water. 
In  consequence  of  the  attraction  between    the  aqueouj 

{larticles,  and  those  of  the  volatile  oils  thus  procured,  iix 
atter  pass  into  the  state  of  vapour  at  a  much  lower  tem- 
perature, than  that  at  which  they  would  boil  per  se. 

The  volatile  oils  have  usually  a  penetrating  smell,  and 
an  acrid  taste.  "When  pure,  they  may  be  evaporated  from 
a  pane  of  glass  without  leaving  a  stain. 

They  unite  with  alkalies  with  great  difficulty.  They 
are  soluble  in  alcohol,  hut  not  in  water.  Concentralti 
nitric  acid  inflames  them.  According  to  Henry,  some  of 
them  detonate  with  chlorates,  and  take  fire  in  chlorine. 

It  will  he  seen,  page  445  that  great  antiseptic  proper- 
ties have  been  ascribed  to  kreosote.  I  believe  these  wiE 
be  found  in  all  the  volatile  oils,  and  other  acrid  volatite 
principles.  I  found  that  for  preserving  milk,  the  oils  of 
cloves,  cinnamon,  and  cassia  were  at  least  equal  to  kreo- 
sote. About  an  ounce  of  milk  was  preserved  from  curdling, 
for  several  days  in  suuirner  by  the  oil  of  cinnamon.  Pro- 
bably the  influence  of  the  essence  of  spruce  in  preserving 
beer  is  due  to  volatile  oil. 

The  volulile  oils  dissolve  sulphur,  forming  compouDda  formerly  called 
balaanu  of  tulphtir.  Phosphorus  is  lihewise  soluble  in  these  oils  U  a 
small  exlenl. 

The  composition  of  the  volatile  oils  lias  been  variously  represeaied  by 
diflerenl  chemists.  Bcrzelius  divides  them  iglo  two  classes — those  whiei 
GonlniD.  and  those  which  do  not  contain  oxygen.  In  the  latter  class  he 
places  only  the  oils  of  turpentine,  lemon,  and  bergamol.  Dumas  escludei 
the  oil  of  berganiot  from  (he  class  devoid  of  osygen,  but  includes  the  cnl  a 

The  oil  of  turpentine  is  the  most  useful  of  the  volatile  oils,  mainly  on 
account  of  its  cheapness.  It  consista,  according  to  the  recent  analysis  of 
Dumas,  when  perfectly  pure  and  free  from  water,  often  atoms  of carhoo 
and  eight  of  hydiogen.  Pure  oil  of  lemons,  now  called  cUrent,  a  axr 
posed,  according  to  the  same  chemist,  of  five  atoms  of  carboa  and  four</ 
hydrogen ;  so  thai  it  b  polymeric  with  the  oil  of  turpentine. 

According  to  Dumas,  the  heavy  essential  oils  difier  from  the  light,  prio- 
cipally  in  containing  more  osygcn  and  in  acting  as  acids  j  while  the  Unet 
act  as  bases.     He  considers  the  oil  of  cloves,  which  is  one  of  the  beaTj 

L essentia!  oils,  as  consisting  of  20  atoms  of  carbon,  13  of  hydrogen,  and  S 
of  oxygen. 
A  substance  called  caryopkyllin  has  been  procured  from  this  oil,  iriiicl 
derives  some  importance  from  being  polymeric  with  native  camphor. 
The  oil  of  mustard,  another  heavy  essential  oil,  presents  a  very  compl^ 
cated  composition.  It  is,  according  to  the  analysis  of  the  abovementioord 
chemist,  composed  of  carbon,  hvdrogen.  nitrf^n,  oxygen,  nnd  sulphur,  in 
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wrtioos  which  I  shall  here  express,  for  the  soke  of  brevity,  by  ihe 
ibllowing  formula;  CH^N'O^S".  He  is  of  opinion  ihat  the  oxygen 
and  sulphur  perfomi  the  part  lowards  a  compound  radical  consisting  of 
carbon,  hydrogen,  and  nitrogen,  which  ia  more  generally  performed  by 
oxygen  alone;  or  in  other  words,  that  the  sulplmr  supplies  the  place  of  b 
certain  quantity  of  oxygen. 

Camphor. — This  substance  is  considered  as  a  concrete 
Tolatile  oil,  which,  from  its  affinity  for  air,  evaporates  be- 
low the  temperature  at  which  it  fuses.  It  is  distinguished 
by  forming  an  acid,  instead  of  being  inflamed  by  the  action 
of  heated  nitric  acid.  To  produce  this  result,  the  cam- 
phor is  repeatedly  distilled,  with  four  times  its  weight  of 
nitric  acid.     At  a  more  moderate  temperature,  this  acid 

'  dissolves  camphor,  forming  what  is  called  oil  of  cam- 
phor.  Chlorohydric  and  other  acids  also  dissolve  this  sub- 

'  Btance.     Sulphuric  acid  and  camphor  reciprocally  decom- 

'  pose  each  other. 

Camphor  is  composed,  according  to  the  analysis  of 
Dumas,  of  ten  atoms  of  carbon,  eight  of  hydrogen,  and 

'  one  of  oxygen. 

,       Artificial  Camphor. — If  one  hundred  parts  of  oil  of  turpentine,  refri- 
gerated by  snow  and  salt,  be  saturated  with  chlorohydric  acid  gas,  by 
means  of  an  impregnalins  apparatus,  a  quantity  of  ihe  gas,  equal  to  about 
■  one-third  of  the  weight  of  the  turpentine,  is  absorbed.     Meanwhile  the  tur- 
.  pentine  is  changed  into  a  soft  crystalline  mass,  from  which,  allowing  it  lo 
drip  for  some  days,  about  twenty  parts  of  a  colourless  acid  liquor  are  ob- 
[  lained,  charged  with  many  crystals,  and  one  hundred  parts  of  a  while, 
,  granular,  crystalline  substance,  which  so  much  resembles  camphor  in 
odour  and  volatility,  that  it  has  received  the  same  appellation. 

Artificial  camphor  is  lighter  than  water.  It  docs  not  redden  litmus.  It 
may  be  sublimed,  but  not  without  partial  decomposition.  If  passed  through 
an  incandescent  tube,  it  is  resolved  into  its  constituents.  It  dissolves  in 
alcohol,  and  is  precipilaied  from  it  by  water  unchanged.  Chlorine  is  dis- 
engiged  from  it  by  nitric  acid. 

This  substance  has  been  analyzed  both  by  Dumas  and  Oppermann. 
According  !o  the  former  chemist,  it  is  composed  of  one  volume  of  chloro- 
hydric acid,  united  lo  one  volume  of  a  compound,  formed  of  ten  atoms 
of*  carbon  and  eight  of  hydrogen. 

When  a  mixture  of  artificial  camphor  and  quicklime  is  distilled,  a  liquid 
is  obtained,  which  has,  according  to  Dumas,  the  smell  and  properties  of 
oil  of  turpentine,  and  which  he  calls  camphene.  If  chlorohydric  acid  be 
passed  through  this  liquid,  artificial  camphor  is  reproduced,  which  may 
therefore  be  considered  as  a  chlorohydrale  of  camphene.  Hence  camphene 
would  appear,  like  etherirte  and  several  other  com])ounds  of  carbon  with 
hydrogen,  to  act  both  as  a  radical  and  aa  a  base;  since  the  composition  of 
native  camphor  is  such,  thai  it  may  be  represented  by  one  atom  of  cam- 
phene and  one  of  oxygen,  and  camphoric  acid  may  be  considered  as  a 
compound  of  one  atom  of  camphene  and  five  of  oxygen. 
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Camphcne  is  considered  by  Dumas  as  identical  with  pure  oil  of  tmfw' 
line  io  composition  and  properties. 

When  clilorohydric  ecid  is  passed  through  iho  essential  oil  of  Iomk, 
a  Bubatacce  Is  obtained  analogoua  Io  thai  produced  by  the  action  of  it 
aame  gas  on  oil  of  turpentine.  Dunius  has  found,  on  nnalyziug  tliii|r» 
duct,  that  it  consists  of  chlorohydric  acid  united  to  a  compound  of  orta 
and  hydrogen,  polymeric  wiih  camphenej  since  a  %-oiuiiie  of  its  va^, 
though  consisting  of  the  Eame  elements  in  the  same  proportion  as  cnmphnft 
contains  but  half  as  much  ofeach. 

This  compound,  for  which  Dumas  proposes  the  name  of  citreiu,  asfhl 
isolated  by  distilling  the  artihcial  camphor  made  irom  the  esscntidtiiltf 
lemons  with  quicklime.  Citrenc  is  a  colourless  limpid  liquid,  poasGnH 
the  odour  and  properties  of  the  essential  oil  of  lemons,  vrith  whichill 
identical  ui  comjiosJlion.  Dumas  considers  that  it  bears  the  same  reJuiti 
to  the  ordinary  essential  oil  of  lemons,  as  campheike  does  to  oil  of  tuij!k 
tmc ;  that  it  is,  in  fact,  the  pure  anhydrotii  oil  of  lemons. 

According  to  Dumas,  crystals  may  be  obtained,  by  refrigeration,  fnia 
some  varieties  of  the  oil  of  pepperminl,  and  from  the  oil  of  aniso;il.  y.):-'- 
he  considers  as  bearing  thoaame  relation  to  the  compounds  of  chtUg  is 
hydrogen  existing  in  those  bodies,  as  natural  camphor  does  to  \.W:  •■j-m- 
pliene  of  oil  of  turpentine.  The  crystals  obtained  from  the  oil  of  pepfrr- 
minl,  consist  of  on  atom  of  oxygen,  united  to  a  compound  coDsistiD|  li 
ten  atoms  of  carbon  and  ten  of  hydrogen;  those  from  the  oil  of  atiism, 
of  an  atom  of  oxygen,  united  to  another  compound  of  carbon  end  hvdtfr 
gen,  containing  ten  atoms  of  carbon  to  six  of  hydrogen. 

The  analogy,  however,  cannot  be  considered  as  perfect,  until  natunl 
camphor  shall  be  obtained  by  oxidizing  the  oil  ofturpentine. 

Paraffine  and  Bupione.* — These  substance*  are  oblaiaed  from  the  lit 
which  results  from  ths  dbiillation  of  organic  substances.  If  animal  pub- 
stances  be  used,  the  eupione  exceeds  the  parafhne  in  quantity,  hut  if  te- 
getable  substances  be  employed,  the  paraffine  predominates. 

Paraffins  Is  a  white  crystalline  inflammable  body,  soft  to  the  touch,  ud 
capable  of  bdng  elongated  and  bent.  It  melts  at  100",  and  volattUaesUi 
higher  temperature  without  alteration.  It  is  composed  of  carbon  and  hj- 
drogen,  and  contains  of  each  the  same  number  of  atoms,  ft  appousK 
possess  the  singular  proj^rly  of  not  being  affected  either  by  acids  ot  i 
kolies. 

Eupione  is  a  colourless,  transparent,  inllammable,  insipid,  and  inodonn 
liquid.  It  boils  at  336°,  and  distils  without  change.  It  is  ko  rejnarkatiljr 
expansible,  that  in  passing  from  6G°  to  its  boiling  point,  it  increosttil 
bulk  oncfinh. 

Kreosotc* — This  name  has  been  given  to  an  essentia!  oil  resulting  ftvn 
the  destructive  dislillalion  of  vegetable  matter.  It  is  represented  as  h^j 
interesting  and  important,  on  account  of  its  efficacy  as  a  medidoe,  ud  ■ 
preservuig  meat;  being  in  fact  considered  as  the  principle  to  w hid)  pyrt- 
ligneous  acid  and  wood  smoke  are  indebted  for  their  antiseptic  paweiy,  ai 
tar-water  for  its  medicinal  virtues. 

Kroosole  is  elaborated  either  from  crude  pyroligneous  acid,  or  («• 
wood  tar,  by  a  series  of  distillations,  and  subjection  to  diSerent  afEoOi 
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wfaidi  resemble  much  more  the  operations  of  the  alchemists,  than  those  of 
the  enlightened  chemist  of  the  present  time*  I  am  confident  that  before 
loog  a  much  more  simple  process  for  its  extrication  will  be  devised. 

Besides  its  activity  in  medicine,  kreosote  is  alleged  to  have  energetic 
powers  as  a  chemical  agent.  It  is  an  oleaginous,  colourless,  transparent, 
•nd  highly  refracting  liquid.  It  has  the  smell  of  crude  pyrollgneous  acid 
or  of  smoked  meat,  and  its  taste  is  caustic  and  burning.  To  the  touch  it 
m  a  little  greasy,  and  its  consistency  is  similar  to  that  of  the  oil  of  almonds. 
It  18  rather  heavier  than  water,  being  of  the  specific  gravity  of  1.037.  It 
boUs  at  397''. 

[Kreosote  is  devoid  of  acid  or  alkaline  reaction.  With  water  it  forms 
two  combinations — one  a  solution  of  1  part  of  kreosote  in  400  of  water, 
the  other,  a  solution  of  1  part  of  water  in  10  of  kreosote.  It  unites  in  all 
proportions  with  alcohol,  ether,  and  naphtha,  and  is  capable  of  dissolving  a 
brge  quantity  of  iodine  and  phosphorus,  and  likewise  sulphur,  especially 
when  assisted  by  heat.] 

Agreeably  to  Thenard,  the  composition  of  kreosote  is  expressed  bv  the 
fcnnula,  C**H«0». 


SECTION    III. 
OF  RESINS. 

According  to  Dr.  Henry,  resins  are  the  inspissated 
juices  of  certain  plants.  I  should  prefer  to  say,  that  re- 
sins exist  in  the  juices  of  certain  plants,  in  union  with,  es- 
sential oils,  which  exuding  in  union  with  them  and  after- 
wards evaporating,  the  resins  remain  in  concrete  masses. 
l^^ey  are  also  separated  from  their  volatile  oils  by  distil- 
lation. 

Resins  cannot  be  distilled  without  decomposition.  They 
cure  dry,  brittle,  inflammable,  and  insoluble  in  water;  but 
cure  generally  soluble  in  alcohol,  ether,  essential  oils,  alka- 
lies, and  acids.  Probably  with  various  degrees  of  faciUty, 
they  may  all  be  combined  with  fixed  oils. 

0>pal  is  not  soluble  in  alcohol,  unless  camphorated. 
At  a  temperature  sufficient  for  its  fusion,  if  copal  be 
dropped  into  linseed  oil,  equally  heated,  a  compound  is 
formed,  which,  exposed  to  the  air,  gradually  hardens,  and 
forms  an  excellent  varnish. 

Ck)mmon  rosin,,  or  resin,  exudes  from  various  pines,  es- 
pecially the  Pimis  ausiralis^  in  union  with  oil  of  turpentine, 
which  is  distilled  from  it. 

It  seems  more  proper  to  use  the  word  rosin  to  desig- 
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nate  this  species;  since  the  fonnerly  sjTionymous  word, 
resin,  has  beeu  applied  to  the  genus,  which  rosin  esemifc 
fies  in  all  the  most  prominent  properties- 
Strong  sulphuric  acid  decomposes  resins.  Nitric  aei^ 
by  long  digestion  on  thena,  produces  a  substance  analh 
gous  to  tannin.  They  are  dissolved  by  acetic  acid,  aaj 
precipitated  from  it  by  water.  When  dissolved  in  lufc 
pentine,  alcohol,  or  drying  oils,  resins  are  of  much  use  IS 
varnishing. 

OF  ACID  RESms. 

"Tlie  resins  and  gum-resins  have  been  much  investi- 
gated, and  with  great  success,  by  Unverdorben. 
series  of  elaborate  memoirs  he  has  shown  that  many  of 
the  known  resins  are  mixtures  of  several  substances  of 
the  same  class,  which  may  be  separated  from  eacb  otba 
generally  by  the  action  of  alcohol  and  ether.  Thus  san- 
daracli  is  a  mixture  of  three  resins,  copal  of  five,  benzoin 
of  three,  guaiac  of  two,  and  gum  lac  and  colophony  also 
of  several.  He  has  shown  likewise,  that  all  these  rea- 
nous  bodies  possess  electro-negative  properties,  forming 
salts  with  oxides  in  definite   proportions.     These  coin- 

Eounds  are  decomposed  by  the  electric  current,  the  resins 
eing  attracted  to  the  positive,  and  the  oxidea  to  the  ne- 
gative wire.  The  alcoholic  solutions  of  tliese  bodies  also 
redden  htmus",  so  that  there  can  be  no  doubt  of  theii 
electro-negative  character;  though  it  would  not  only  un- 
necessarily extend  the  meaning  of  the  term  acid,  but  also 
unnecessarily  overburden  the  nomenclature,  to  apply  the 
term  to  all  these  faintly  negative  substances,  and  to  fonn 
classes  of  salts  of  llieir  many  obscure  compounds.  The 
labours  of  Unverdorben  alone  have  already  brought  t(^e- 
ther  such  a  mass  of  observations  on  this  subject,  that,  u 
has  been  justly  observed  by  Berzelius,  were  each  of  the 
resins  to  be  examined  with  equal  care,  the  detail  would 
speedily  occupy  as  much  space  as  the  whole  of  our  prfr 
sent  systems  of  clieraistry."* 

OF  BASIC  RESINS. 

"  Buchner  and  Herberger  have  advanced  one  step  fur- 
ther in  the  investigation  of  resinous  bodies.    Unverdorbeo 
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[  found  Xh^Jiftk  resin  of  copal  to  be  indifferent;*  these 
hemists  describe  some  to  be  possessed  of  weak  basic 
properties.  Thus  the  resin  extracted  from  jalap  and  from 
Bupliorbium  they  find  to  be  each  a  compound  of  two ;  one 
of  which  is  a  weak  acid,  and  the  other  a  weak  base;  and 
they  consider  all  the  drastic  gum-resins  to  be  similar  com- 
pounds. The  subject,  however,  requires  furtlier  investi- 
gation."t 

273.  Experimental  Illustrations, 
A  sohition  of  gum  precipitated  by  alcohol ;  a  solution 
of  resin  by  water. 


t  SECTION  IV. 

OF   GUM-RESINS. 

This  name  is  applied  to  a  class  of  vegetable  substances, 
which  consist  of  a  mixture  of  resin,  gum,  essential  oil, 
and  extractive  mattei".  Opium,  aloes,  ammoniac,  assafe- 
lida,  euphorbium.  gulbanum,  gamboge,  myrrh,  and  scam- 
mony  come  under  this  head. 

As  the  resin  and  essential  oil  require  alcohol,  the  gum 
and  extractive  matter,  water  for  solution,  proof  spirit  is 
the  best  solvent  of  the  gum-resins. 

OF  OPIUM. 

[This  complex  substance  contains  the  following  proxi- 
mate principles: — 

1.  Morphia,  in  the  state  of  neutral  sulphate,  and  super- 
meconate. 

2.  Paramorphia. 

3.  Pseudomorphia. 

4.  Codeia,  in  the  state  of  supermeconate. 

5.  Narcotina. 

6.  Narceia. 

7.  Meconin. 

8.  Meconic  acid,  partly  combined  with  bases. 
g.  Ulmin. 
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10.  A  peculiar  resin. 

11.  A  fatty  oil. 

12.  Caoutchouc. 

13.  Gum. 

14.  Bassorin. 

15.  Lignin. 

16.  The  sulphates  of  potash,  lime,  and  magnesia. 
Of  these  substances,  morphia^  paramorphia^  pseuc 

phia,  codeia^  narcotinoj  and  narceia  are  ranked  as  n 
Die  alkalies,  all  having  the  power  of  neutralizing 
Meconin  is  an  indifferent  or  neuter  substance,  wbic 
announced  to  exist  in  opium  in  1832,  by  M.  Couerb 
which  is  found  to  be  identical  with  the  crystallizable 
ciple  of  M.  Dublanc,  jun.,  discovered  several  years  b 
The  newly  discovered  principles,  paramorphia^  pseud 
phia,  narceia^  and  meconin^  exist  in  opium  in  ver}'^ 
amount.] 


SECTION  V. 

OF  NAPHTHA,  PETROLEUM,  BITUMEN,  AMBER,  AT 

MINERAL  COAL. 

There  is  in  nature  a  gradation  of  substances,  appai 
arising  from  the  wreck  of  a  former  world,  from  na] 
which  is  highly  volatile,  to  anthracite  which  is  extn 
insusceptible  of  the  aferiform  state.  Possibly  the 
mond  may  be  considered  as  terminating  the  series; 
has  been  suggested  to  result  from  the  decompositi 
vegetable  matter. 

Bitumen^  in  its  qualities,  is  intermediate  betweei 
extremes ;  being  separable,  by  distillation,  into  carbur 
hydrogen,  a  volatile  oil,  and  carbon. 

Petroleum  is  more  fluid,  lighter,  and  more  inflami 
than  bitumen. 

The  decomposition  of  the  bituminous  matter  in  m\ 
coal  by  ignition,  yields  carburetted  hydrogen,  as  ij 
gas-light  process. 

Naphtha  is  found  pure  in  nature,  and  may  likewi 
obtained  by  distillation  from  petroleum.  Pure  na] 
is  a  volatile,  inflammable,  colourless,  limpid  liquid, 
a  strong  and  disagreeable  smell.  A  variety  of  this 
stance  is  distilled  &om  coal  tar,  which  condenses  d 
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the  evolution  of  carburetted  hydrogen  from  bituminous 
coal.  Naphtha*' is  chiefly  of  use  in  preserving  potassium. 
It  consists  of  carbon  and  hydrogen;  but  the  proportions 
in  which  its  constituents  are  united  have  been  variously 
represented  by  different  chemists. 

Amber  is  a  singular  fossil,  virhich  is  supposed  to  owe  its 
origin  to  vegetable  matter.     It  is  distinguished  by  burning 
with  a  peculiar  odour,  and  yielding,  when  subjected  to  dis- 
tillation, succinic  acid^  and  a  peculiar  essential  oil,  called 
cU  of  amber^  which  much  resembles  naphtha  in  smell  and 
other  properties.     The  acid  sublimes  into  the  neck  of  the 
retort  in  crystals.    Amber  is  insoluble  both  in  water  and 
aJcohoL    It  resembles  copal  in  appearance  and  properties. 


SECTION  VI. 
OF  VEGETABLE  ACIDS. 

I  propose,  under  this  head,  to  treat  particularly  only  of 
the  more  important  vegetable  acids. 

OF  ACETIC  ACID. 

Of  all  the  vegetable  acids,  the  acetic  is  most  frequently 
found  in  nature,  and  is  most  easily  produced  by  art.  It 
exists  in  the  sap  of  almost  all  plants,  either  free,  or  united 
"^th  potash ;  likewise  to  a  sensible  ejstent  in  sweat,  urine, 
-^And  milk.  During  imperfect  digestion,  it  is  usually  gene- 
*  crated  in  the  stomach.  It  is  invariably  a  product  of  the. 
destructive  distillation  of  vegetable  substances. 

Preparation. — ^The  distilled  vinegar  of  pharmacy  is  a 
^ery  dilute  acetic  acid.  The  acid  may  be  obtained  in  a 
more  concentrated  form  by  distilling  the  acetate  of  cop- 
per; but  in  this  case  it  is  partially  decomposed,  producing 
«  peculiar  inflammable  volatile  liquid,  called  pyro-acelic 
'  ^rii. 

It  may  be  procured  also  from  any  of  its  salts,  by  dis- 
tillation with  sulphuric  acid. 

In  whichever  of  these  modes  it  may  be  evolved,  a  second  ^^ 
distillation  is  necessary  to  render  it  pure. 

When  obtained  by  sulphuric  acid,  it  is  liable  to  be  con- 

*  See  account  of  caoutchouchinoi  a  fine  artificia]  naphtha,  page  438. 
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laminated  with  !^ulpl)urous  acid,  from  which  it  may 
purified,  by  adding  a  small  quantity  of  black  oxide 
manganese,  previonsly  to  the  second  distillation. 

Properties. — The  purest  acetic  acid  which  has 
obtained,  crystallizes  ut  the  temperature  of  about  55' 
ii  colourless,  inflammable,  very  volatile,  and  has  a  >i 
pungent  odour  and  taste.  Its  specific  gravity  is  1.063, 
G0°,  and  is  not  altered  by  the  addition  of  an  equal  bulk 
of  water.  When  thus  diluted,  its  freezing  point  is  lowerw! 
many  degrees  below  that  of  water.  The  maximum  of  den- 
sity 1.079  is  produced  by  adding  to  the  crystallizable  aciJ, 
one-third  of  its  weiglit  of  water. 

Acetic  acid  probably  consists  of  C'O'H''. 

OF  PYROLIGNEOUS  ACID. 

In  the  process  by  which  wood  is  converted  into  char- 
coal, acetic  acid  is  evolved  in  combination  with  eupiooe, 
paraffine,  kreosote,  and  a  resinous  matter  called  pyretine 
by  Berzelius,  forming  the  liquid  known  as  pyroligneoua 
acid. 

When  the  process  is  performed  with  a  suitable  appa- 
ratus,  this  acid  is  collected.  Pyroligneous  acid  may  be 
considered  as  the  matter  of  wood  smoke  in  the  liquid 
form;  and  when  applied  in  this  form  to  salted  meat,  is  si 
least  as  efficacious  as  when  employed  as  smoke  in  tie 
usual  way.  The  process  of  the  smoke-house  is  less  sus- 
ceptible of  precision,  and  is  liable  to  produce  an  inturiom 
rise  of  temperature. 

From  pyroligneous  acid,  pure  acetic  acid  may  be  extri- 
cated by  distillation  with  manganese  or  sulphuric  acid, 
or  with  both;  also  by  saturating  it  with  time,  and  decom- 
posing the  acetate  of  lime  by  sulphate  of  soda,  separating 
the  resulting  acetate  of  soda  by  crystallization,  and  de 
composing  it  by  sulphuric  acid,  added  in  equivalent  pro- 
portion. The  sulphate  of  soda  separating  in  crystalB,  the 
acetic  acid  may  be  obtained  by  necantation  nearly  pure. 
To  procure  it  entirely  free  from  the  sulphate,  it  is  distilled 
in  an  alembic,  with  a  body  of  copper,  and  a  head  of  tin  or 
silver. 

Acclales- — The  acetates,  it  has  been  already  mentioneii, 
may  all  be  made  to  yield  acetic  acid  by  heat,  or  the  aflii- 
sion  of  sulphuric  acid.  They  are  all  soluble  in  hot  water, 
and  generally  soluble  in  cold  water.    The  acetate  of  me^ 
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curj  is  nearly  insoluble  in  cold  water,  and  but  slightly 
soluble  in  hot  water. 

Formerly,  the  acetate  of  potash  was  called  foliated 
earth  of  tartar;  the  acetate  of  ammoma,  spirit  of  Minde- 
rents. 

Any  of  the  acetates  may  easily  be  formed,  by  saturat- 
ing the  acid  with  the  proper  base.  Some  of  them  may  be 
obtained  by  double  decomposition,  as  in  the  case  in  which 
-sulphate  of  zinc  and  acetate  of  lead,  yield  acetate  of  zinc 
and  sulphate  of  lead;  or  in  that  in  which  acetate  of  am- 
monia IS  procured  by  heating  sal  ammoniac  with  acetate 
of  potash,  when  the  ammoniacal  acetate  sublimes  in  crys- 
^tals.  This  method  is  recommended  by  Thenard,  as  the 
beet  for  preparing  the  acetate  of  anunonia  for  medicinal 
purposes. 

274.  Experimental  Illustrations. 

Distilled  vinegar,  and  crystallizable  acetic  acid,  exhi- 
bited; also  pyroligneous  acid. 

OP  CITRIC  AND  MALIC  ACID. 

The  name  of  citric  acid  discloses  its  origin.  It  exists 
in  the  lime  and  lemon,  in  union  with  mucilage  and  malic 
acid.  Its  combination  with  mucilage  is  so  intimate  as  to 
render  it  impossible  to  separate  the  acid,  without  first 
uniting  it  with  some  other  matter.  Alcohol  is  the  most 
ready  agent  for  this  purpose,  as  it  combines  with  the  acid, 
and  precipitates  the  mucilage.  The  alcoholic  solution, 
thus  obtained,  does  not  yield  crystals,  even  after  eva- 
poration, re-solution  in  water,  and  evaporating  the  water. 

The  most  efficient  mode  of  obtaining  this  acid  pure,  is 
to  saturate  the  juice  of  lemons  with  chalk  or  whiting,  and 
afterwards  to  decompose  the  citrate  of  lime,  thus  formed, 
by  sulphuric  acid  duly  diluted.  The  citric  acid  may  be 
obtained  in  crystals  from  the  supernatant  hquid  by  eva- 
poration. 

Citric  acid  is  crystallizable.  Its  taste  is  intensely  acid 
when  concentrated,  but  agreeably  sour  when  dilute.  It 
consists  of  C*H"0*. 

Malic  add  derives  its  name  from  the  apple;  as  in  this 
fruit  it  predominates,  as  well  as  in  gooseberries,  currants, 
and  other  similar  fruits.    It  may  be  had  pure,  by  saturat- 
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ing  lime  with  apple  juice,  and  decomposing  the  malate  of 
Ume  by  sulphuric  acid. 

Professor  Wm.  Rogers,  of  William  and  Mary  College,  has  ascertained 
that  this  acid  abounds  in  difierent  species  of  sumach  in  the  state  of  bimft- 
late  of  lime. 

When  heated  to  380^,  malic  acid  is  resolved  into  two  acids,  one  of 
which  melts  at  266°,  the  other  at  392°. 

Pelouze,  who  has  recently  investigated  this  subject,  calls  the  former  tlie 
maleic,  the  latter,  the  paramaleic  acid.  It  would  appear  from  the  eipeii- 
ments  of  this  chemist,  that  these  acids  are  isomeric  with  each  other. 

It  was  formerly  supposed  that  malic  acid  was  one  of  the  first  products 
of  the  reaction  of  nitric  acid  with  sugar,  and  that  it  was  subsequently  con- 
verted into  oxalic  acid  by  a  continuance  of  the  action.  From  experiments 
which  have  lately  been  made,  it  appears  probable  that  the  acid  produced 
under  these  circumstances,  differs  from  the  malic  in  composition  and  pro- 
perties. 

Malic  acid  is  composed,  according  to  the  recent  analysis  of  Lieb^  of 
C^HK>.     It  appears,  therefore,  to  be  isomeric  with  citric  acid. 

OF  TARTARIC  ACID. 

Tartaric  acid  is  found  in  many  vegetables.  It  is  named 
from  tartar^  an  appellation  given  to  a  deposition  from 
wine,  which  contains  the  bitartrate  of  potash.  This  bi- 
tartrate,  when  freed  from  impurities,  is  sold  in  the  shops 
under  the  name  of  cream  of  tartar.  When,  to  twenty-four 
parts  of  this  salt,  thirteen  of  carbonate  of  soda  are  added, 
sal  Rochelle,  a  tartrate  of  potash  and  soda,  is  produced; 
and,  in  like  manner,  tartar  emetic,  by  saturating  the  ex- 
cess of  tartaric  acid  with  sesquioxide  of  antimony.  Ano- 
ther pharmaceutical  compound,  called  tartarized  iron,  is 
produced  by  saturating  the  excess  of  acid  in  cream  of 
tartar  with  iron,  which  is  taken  up  in  the  state  of  prot- 
oxide, but  becomes,  by  exposure  to  the  air,  more  or  less 
sesquioxidized. 

Tartaric  acid  is  procured  from  cream  of  tartar  in  fine 
crystals,  by  saturating  the  excess  of  acid  with  chalk,  and 
decomposing  the  precipitate  by  diluted  sulphuric  acid. 
The  neutral  tartrate  of  potash  left,  may  be  decomposed 
by  quicklime,  or  by  chloride  of  calcium,  and  the  resulting 
tartrate  of  lime  will  yield  the  acid  in  the  same  way  as 
the  analogous  tartrate  obtained  in  the  first  instance  by 
the  addition  of  the  chalk.  Tartaric  acid  is  extremely 
sour,  and  reddens  litmus  paper.     Its  symbolic  formula  is 

A  manufacturer  of  Thann,  in  Germany,  in  preparing 
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■taric  acid  from  cream  of  tartar  which  had  been  depo- 
ted  from  the  wine  of  that  country,  discovered  an  acid 
'(rhich  differed  from  the  tartaric  acid,  and  which  he  sup- 
osed  to  be  the  oxahc.  Gay-Lussac  subsequently  proved 
dat,  while  possessed  of  peculiar  quahties,  its  equivalent 
ras  the  same  as  that  of  tartaric  acid.  By  Berzelius  it 
ras  afterwards  shown  to  be  isomeric  with  this  last  men- 
ioned  acid,  and  he  has  consequently  named  it  paralartaric 
dd.  The  appellation  of  racemic  has  also  been  applied 
a  it. 

Paratartaric  acid  crystallizes  in  a  different  form  from 
irtaric  acid.  It  is  likewise  less  soluble.  The  tartrates 
nd  paratartrates  arc  isomeric. 

When  tartaric  acid  is  exposed  to  heat,  it  swells  up, 
nelts,  and  is  converted  into  a  yellow  transparent  sub- 
ance,  which  Braconnot  supposes  to  be  isomeric  with 
Lrtaric  acid. 

OF  TANNIC  ACID,  OR  TANNIN. 
There  ia  a  principle  in  vegetables  which  has  ihe  property  of  combining 
1th  the  skins  of  animals,  and  converting  (hem  into  leather.     The  process 
'  which  this  chanfre  ia  effected  is  called  tanmng;  and  hence  ihe  matter 
oducing  it  has  been  called  tanmn. 

Although  this  appellalion  may  be  generally  employed,  yet  as  tannin 

IS  combinations  with  various  saliiiable  bases,  and  acts  with  sufficient 

ergy  to  displace  many  of  the  acids,  I  concur  with  Berzelius  in  con- 

lenng  it  as  an  acid,  and  consequently  give  it  the  appellalion  of  tannic 

Tannic  acid  is  found  in  a  great  number  of  vegetables,  generally  in  their 
Tk  or  roots,  but  not  unfrequenlly  in  their  leaves  and  seeds,  and  even  in 
air  flowers  and  fruits,  before  they  have  reached  maturity.  It  is  in  fuel 
e  most  frequent  cause  of  astringency  in  vegetable  product?. 
It  may  be  procured,  according  lo  M.  Pelouzo,  in  a  state  of  purity,  by 
iroducing  powdered  galls  into  a  vessel,  resembling  a  funnel,  but  con- 
LCted  above  into  a  neck  like  that  of  a  bottle.  The  stem  of  this  vessel 
bould  be  plugged  with  cotton,  and  must  be  made  lo  descend  into  a  tine- 
re  bottle  through  the  mouth.  The  galls  are  then  to  be  covered  with  sul- 
ibric  ether  of  the  officinal  strength,  and  the  month  of  the  vessel  covered, 
as  to  prevent  the  evaporation  of  the  ether.  The  liquid  which  dfscends 
to  the  bottle  will  be  found  to  separate  into  two  portions,  of  which  the 
bviest  is  a  solution  of  tannic  acid.  From  this  solution  the  acid  may  be 
tained  in  the  solid  form  by  evaporation- 
Pure  tannic  acid  is  colourless,  inodorous,  and  astringent  to  the  taste. 
is  UDcrysialiizable.  Its  aqueous  solution  reddens  litmus.  Ft  does  not 
feet  solutions  of  the  salts  of  the  protoxide  of  iron,  but  with  those  which 
main  the  sesquioniile  of  this  ntctai,  it  produces  a  precipitate  of  the  tan- 
ile  of  iron.  Pure  tannic  acid  may  in  a  few  hours,  be  so  completely 
moved  from  its  solution  by  a  piece  of  raw  hide,  thol,  if  no  gallic  acid 
'  present,  the  liquid  will  no  longer  atfect  a  solution  of  the  salts  of  the 
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sesquioxide  of  iron;  but  if  the  last  meiitioDed  add  be  present,  a  dark  btai 
precipitate  is  fonned  with  those  salts. 

The  symbolic  fonnula,  representing  the  composition  of  tannic  add,  ii 
C"HK)>». 

Artificial  Tanniiu — A  substance  resembling  tannic  acid  in  many  of 
its  properties,  and  generally  called  artificial  tannin^  is  fonned  daring  tbs 
action  of  nitric  or  sulphuric  acid  on  a  great  variety  of  vegetable  substanceii 
One  variety  of  this  tannin  is  formed  by  the  reaction  of  nitric  acid  with 
charcoal. 

OF  GALLIC  ACID. 

Grallic  acid  has  been  obtained  in  various  modes.  The  following  appesn 
to  me  preferable.  A  concentrated  decoction  of  galls,  previously  miiBd 
with  a  little  acetic  acid  to  decompose  the  gallate  of  lime,  is  shaken  vith 
ether  for  one  minute.  The  ether  being  decanted  and  evaporated,  the 
gallic  acid  is  isolated  in  small  colourless  prisms. 

M.  Pelouze  infers,  from  the  experiments  which  he  has  made,  that  gil* 
lie  acid  does  not  exist  naturally  in  galls,  but  is  produced  by  the  actkm  of 
the  air  on  the  tannic  acid. 

Gallic  acid  is  white  and  crystalline.  It  reddens  litmus,  and  has  a  fedilj 
acid  and  astringent  taste.  In  hot  water  it  dissolves  freely,  although  in 
cold  water  it  is  but  slightly  soluble.  With  solutions  contahnng  the  i» 
quioxide  of  iron,  this  acid  gives  a  dark  blue  precipitate  of  gallate  of  inib 

The  colouring  matter  of  ink  is  composed  or  gallate  and  tannate  of  iroo. 
The  composition  of  gallk;  acid,  according  to  M.  Pelouase,  may  be  ex- 
pressed by  the  following  symbolic  formula,  C^HK)*. 

When  a  retort,  contaming  gallic  acid,  is  plunged  in  a  bath  of  oil,  heated 
to  about  400°,  an  acid  called  pyrogallic  sublimes ;  but  if  the  oil  be  pre- 
viously heated  to  ebullition,  a  new  acid  is  produced,  to  which  its  discoverer, 
M.  Pelouze,  has  given  the  name  o^ metagallic.  Pyrogallic  acid  was  sup. 
posed,  by  Berzelius,  to  be  a  peculiarly  pure  gallic  acid,  but  Braconnot  hat 
since  shown  that  it  differs  from  this  acid  both  in  properties  and  composi- 
tion. 

It  appears  that  a  small  quantity  of  an  acid,  called  the  ellagicy  is  fonned 
simultaneously  with  the  gallic  acid,  when  an  infusion  of  galls  is  exposed 
to  the  air. 

275.  Experimental  Illustrations. 

Various  metallic  solutions  precipitated  by  an  infusion 
of  galls. 

OF  SUCCINIC  ACID. 

When  amber  is  exposed  to  heat  in  an  alembic,  succinic  acid  is  sublimed 
in  crystals,  much  contaminated  by  the  essential  oil  of  amber.  By  diges- 
tion in  nitric  acid,  evaporation  to  dryness,  washing  in  cold  water,  subo- 
quent  solution  in  boiling  water,  and  finally  by  crystallization,  the  acid  k 
obtained  pure.  When  combined  with  any  of  the  alkalies,  it  is  usefiil  ii 
separating  the  sesquioxide  of  iron  from  the  oxide  of  manganese. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  The  syn* 
bolic  formula  for  this  acid  is  C^HK)^. 

OF  BENZOIC  ACID. 

Benzoic  acid  is  a  concrete,  volatile  acid,  existing  in  benzoin,  or  ben- 
jamin, from  which  its  appellation  is  derived.     It  may  be  extricated  from 
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benzoin,  either  by  sublimatioii,  or  by  Iriluration  with  liine,  digestion  with 
vater,  and  precipitation  by  chlorohydric  acid> 

Benr.oic  acid,  when  in  union  with  ammonia,  answers  aa  well  m  succinic 
acid  lo  separate  iron  from  manganese. 

The  presence  of  benzoic  acid  characterizes  what  are  now  considered  by 
chemists  as  balsams.  There  are  three  balsams  formed  by  its  union  with 
particular  resins — benzoin,  already  mentioned,  styrax,  and  the  balsam  of 
Tolu. 

Benzule. — In  the  oil  of  bitter  almonds,  and  in  benzoic  acid,  the  exi^lence 
of  a  common  radical  has  been  demonstrated  by  Liebig  and  Wohler,  which 
is  alleged  lo  be  represented  by  C'*H'0°i  and  lo  which  the  name  of  ben- 
tule  has  been  given.  With  an  atom  of  oxygen,  benzule  forms  benzoic 
Bcid;  with  an  atom  of  hydrogen,  the  oil  of  bitter  almonds.  Exposed  to 
a  current  of  chlorine,  the  oil  abovementioned  gives  up  an  atom  of  hydro- 
gen to  the  chlorine,  thus  generating  chlorohydric  acid  and  benzule,  which, 
uniting  with  an  atom  of  chlorine,  forms  a  chloride.  The  chloride  of  ben- 
zole thus  formed,  subjected  to  water,  is  converted  into  benzoic  and  chloro- 
bydiic  acids.  When  a  hydrated  metallic  oxide  is  encountered  by  this 
csfaloride,  one  portion  of  the  metal,  uniting  with  the  chlorine,  gives  up  its 
Dxygen  to  the  benzule,  which  being  thus  converted  into  benzoic  acid, 
onites  with  an  undecompoacd  portion  of  the  oxide,  and  forms  a.  bcnzoate. 
Distilled  with  bicyanido  of  mercury,  it  gives  a  cyanide  of  benzule,  and  a 
zhioride  of  mercury.  Analogous  reaults  are  obtained  by  ihc  reaction  of 
tbis  substance  with  sulphides,  iodides,  bromides,  &c.  Benzule  has  not 
been  isolated. 


276.  Experimental  Jllustraiions. 
Iron  precipitated  by  succinic  and  benzoic  acid.     Crys- 
tals of  benzoic  acid,  exhibited. 

OF  MECONIC  ACID. 

When  a  solution  of  acetate  of  lead  is  added  to  an  infu- 
sion of  opium,  a  precipitate  is  obtained,  consisting  of  me- 
conate  of  lead.  From  this  the  lead  may  be  precipitated 
as  a  sulphide  by  means  of  sulphydric  acid,  and  the  libe- 
Tated  meconic  acid  may  be  obtained  in  solution  by  filtra- 
tion. This  acid  exists  in  opium  combined  with  morphia 
and  codeia. 

"With  solutions  of  the  sesquioxide  of  iron,  meconic  acid 
produces  an  intense  red  colour;  with  proto.\ide  of  lead  an 
insoluble  precipitate.  It  is  to  this  property  that  we  owe 
the  process,  above  described,  for  procuring  this  acid. 

Meconic  acid  produces  a  taste,  at  first  sour,  and  sub- 
aequently  bitter,  and  reddens  litraus  paper.  It  is  com- 
posed, according  to  Liebig,  of  CH'^'. 
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Offx  Method  of  delecting  tlie  Presence  of  Ojnttm. 

The  property  which  meconic  acid  has  of  precipitating 
with  lead,  and  of  producing  a  red  colour  with  iron,  mar 
enable  us  to  detect  opium,  when  present  in  very  emal! 
quantity  in  solution. 

If  ten  drops  of  the  tincture  of  opium,  commonly  caDed 
laudanum,  be  mingled  with  half  a  gallon  of  water,  on 
adding  a  few  drops  of  subacetate  of  lead,  there  will  be  a 
precipitation  which,  at  tlie  end  of  a  few  hours,  will  be  per-  i 
ceptible  in  flocks.     The  descent  of  these  flocks  may  be  I 
accelerated  by  detaching  tliem  gently  from  the  sides  of  the  / 
recipient  with  a  glass  rod.     The  vessel  should  be  conical,  I 
so  as  to  concentrate  them  during  their  descent.    After 
they  are  collected  at  the  bottom  of  the  vessel,  about  ihirtj 
drops  of  the  red  sulphate  of  iron,  and  an  equivalent  iw 
tion  of  sulphuric  acid,  should  be  introduced  among  toeQ 
by  means  of  a  small  glass  tube.    The  presence  of  the  idc* 
conic  acid  will  be  rendered  evident  by  the  redness  wbich 
ensues. 

When  a  red  colour  is  produced  by  the  means  here  dfr 
scribed,  it  is  probable  that  opium  is  present ;  as  meconic 
acid  is  found  only  in  that  drug,  and,  having  no  aclin 
qualities,  is  not  used  separately  from  it  in  any  phaimt 
ceutical  preparation. 

It  may  be  proper  to  mention  that  sulphocyanhydric  arid 
produces,  with  tlie  sesquioxide  of  iron,  a  colour  resembling 
that  produced  by  meconic  acid. 

277.  Experimental  Illustrations. 
Into  several  vessels,  each  containing  about  half  a  g»l- 
Ion  of  water,  and  various  quantities  of  laudanum,  acetate 
of  lead  is  first  introduced.     A  precipitate  of  meconate  of 
lead  appears.     At  a  subsequent  period,  when  this  pi 
pitate  has  subsided,  the  presence  of  meconic  acid  is 
monstrated  by  the  addition  of  sulphuric  acid  and  pcrat-' 
phate  of  iron. 

OF  KINIC  ACID. 

IGnic  acid  exists  ia  Pomvian  bark  in  union  with  quinia  and  dnduBi. 
■he  v^elable  alkalies  lo  which  the  active  medicioal  qualiliea  of  iba  tui 
are  ascribed.     It  ol^o  exists  in  the  bark  in  the  state  of  kinaie  of  lime. 
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□o  useliil  appticalion  has  been  made  of  kinic  acid,  and  no  active 
qualities  are  ascribed  to  it,  it  would  be  useless  to  occupy  attention  with 
any  detaila  respecting  the  means  by  which  it  may  be  obtained. 

OF  VALERIANIC  ACID. 

This  acid  was  first  obscrvcii  by  Pentz  and  Grote.  It  exists  ready 
formed  in  valerian.  Il  presents  the  nppearance  of  a  limpid  and  colourless 
oil,  having  an  extremely  strong,  and  very  acid  and  disgusting  taste,  and  a 
gmell  resembling  that  of  valerian.  It  is  lighter  than  water.  When  heated 
on  a  platinum  spoon,  it  burns  with  a  bright  flame,  leaving  no  residue.  It 
is  capable  of  taking  up  twenty  per  cent,  of  water,  without  losing  its  oleagi- 
nous character.  It  dissolves  in  thirty  limes  its  weight  of  oold  water,  and 
in  all  proportions  in  alcohol.  Its  symbolic  fomiula  is  C'H'O',  as  it  exists 
in  a  dry  stale  in  certain  salts;  but  in  its  free  state  as  an  oleaginous  acid, 
deprived  of  water  as  completely  as  possible,  it  still  retains  one  atom  of  that 
liquid. 

OF  CROTONIC  ACID. 

This  acid  was  discovered  by  Pellctier  and  Cavenlou  in  the  oil  of  the 
teeds  of  the  Crolon  tiglium.  It  is  a  very  volatile  acid,  possessing  a  pow- 
erful odour  and  an  acrid  taste.  Taken  into  the  stomach,  it  causes  inflam- 
mation) and  acts  as  a  poison. 

OF  CEVADIC  ACID. 
This  acid,  discovered  by  PelJelier  and  Caventou,  is  a  product  of  the  sa- 
ponificadon  of  the  fatty  matter  of  the  eemdilla. 


SECTION  VII. 
OF  VEGETABLE  ALKALIES. 

The  discovery  of  this  class  of  substances  is  of  the  high- 
est importauce  to  mankind.  It  has  enabled  the  physician 
to  avail  himself  of  the  active  principles  of  some  of  the 
most  powerful  remedies,  with  a  certainty  which  was  bo- 
fore  unattainable.  The  patient,  in  lieu  of  being  nauseated 
and  even  injured  by  doses,  of  which  the  greater  part,  per- 
haps the  whole,  may  be  inert,  if  not  injurious,  has  to  swal- 
low nothing  which  can  be  inefficacious,  when  judiciously 
prescribed. 

According  to  Thenard,  the  vegetable  alkalies  are  twenty 
in  number,  viz. — morphia,  paramorphia,  pseudomorphia,  co- 
deia,  narcolina,  narceia,  quinia,  cinckonia,  aricina,  strychnia, 
brucia,  delphia,  veratria,  sabadillia,  emetia,  solania,  atropia^ 
menispermia,  melamia,  and  ammelia.  The  following  table 
indicates  their  sources,  composition,  and  discoverers. 
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Natural  State  and  Mode  of  Preparation  of  the  Vegetable 
Alkalies. 

The  vegetable  alkalies  appear  in  almost  every  instance 
to  exist  in  the  vegetables  to  which  they  belong,  in  union 
with  an  acid.  Thus,  morphia  ia  united  with  sulphuric  and 
meconic  acid,  cinchonia  and  quinia  with  kinic  acid,  delphia 
with  malic  acid,  and  veratria  with  gallic  acid.  In  some  in- 
stances, the  acids  have  not  been  specified;  but  the  method 
requisite  for  the  analysis,  shows  that  they  are  present. 
The  salt  thus  formed  is  entangled  sometimes  with  resinous 
matter,  sometimes  with  colouring  matter,  at  others  with 
fatty  matter,  and  in  a  few  instances  with  caoutchouc.  In 
some  cases  several,  in  others,  all  of  these  impurities  may 
be  present.  Very  sparing  solubility  in  water,  and  compa- 
ratively copious  solubility  in  alcohol,  are  among  the  most 
striking  attributes  of  these  alkalies.  The  characteristics 
which  I  have  mentioned,  must  of  necessity  prescribe  the 
methods  to  be  used,  in  the  development  of  the  principles  to 
which  they  belong.  Potash,  soda,  ammonia,  hme,  or  mag- 
nesia, is  used  to  displace  the  alkali  from  the  acid  naturally 
in  miion  with  it.  The  alkah  thus  displaced,  from  its  laso- 
lubihty  in  water,  precipitates;  sometimes  with  the  precipi- 
tant, sometimes  without  it.  Strong  alcohol  is  employed 
to  dissolve  the  alkali  after  precipitation.  Previously  to 
this  step  in  the  process,  water,  weak  alcohol,  or  ether  is 
occasionally  used  to  remove  resinous,  colouring,  or  fatty 
matter;  and  in  the  case  of  morphia,  when  ammonia  is 
added  to  separate  and  acetic  acid  to  dissolve  it,  animal 
charcoed  is  employed  to  deprive  it  of  colour.  The  decom- 
position of  the  native  salts,  in  which  these  alkalies  are 
ibund,  is  also  effected,  in  some  instances,  by  acetate  of 
lead.  The  acetic  acid  unites  with  the  alkah,  and  the  oxide 
of  lead  with  the  acid  which  the  alkaU  relinquishes.  Sul- 
phydric  acid  is  afterwards  used  to  remove  any  excess  of 
the  metal.  Generally  the  alkalies  are  susceptible  of  crys- 
tallization, and  of  forming  neutral  crystallizable  salts  with 
the  mineral  and  vegetable  acids. 

Chemical  Cliaracters  of  the  Vegetable  Alkalies. 
They  are  all  solid,  white,  inodorous,  heavier  than  water, 
and  either  bitter  or  acrid.    All  of  them  render  the  syrup 
of  violets  green. 
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Veralria,  delphioy  and  emetia  can  be  obtained  only  in 
powder.    The  others  are  susceptible  of  crystallization. 

They  all  yield  ammonia  by  destructive  distillation,  which 
demonstrates  that  nitrogen  is  invariably  one  of  their  con- 
stituents. 

They  are  all  soluble  in  alcohol,  and  nearly,  if  not  quite, 
insoluble  in  cold  water. 

When  their  salts  are  subjected  to  the  Voltaic  current, 
the  alkali  is  always  attracted  to  the  negati%'e  pole. 

Their  affinity  for  acids  is  generally  greater  than  that 
of  the  oxides  of  the  metals  proper,  but  is  less  than  that  of 
the  alkalies  and  alkaline  earths. 

In  solutions  of  their  neutral  salts,  an  infusion  of  gaUa 
causes  a  precipitate  which  alcohol  dissolves. 

Morphia  and  bruda  produce,  with  nitric  acid,  a  fine 
red  colour ;  while  the  other  alkalies,  under  the  same  cir- 
cumatances,  are  either  rendered  yellow,  or  are  scarceN 
altered. 

In  a  solution  of  morphia,  reddened  by  nitric  acid,  pro 
tochloride  of  tin  causes  a  dull  brown  precipitate;  while, 
in  a  solution  of  brucia  similarly  reddened,  it  causes  a  vio- 
let precipitate.  Of  the  acetates  of  these  alkalicB,  only 
that  of  morphia  is  crystallizable. 

When  the  nitrate  of  ywmiu  or  oCfinchonia  is  evaporated 
— at  a  certain  degree  of  concentration,  globules  of  an 
oleaginous  appearance  are  deposited,  which  congeal  at  i 
low  temperature,  assuming  the  aspect  of  wax.  These  glo- 
bules, when  covered  by  water,  neither  dissolve  nor  sustain 
any  change  of  volume;  but  in  a  few  days  are  converted 
into  a  group  of  shining  prismatic  crystals.  By  these  cha- 
racteristics, quinia  and  cinchonia  may  be  distinguished 
from  the  other  alkalies.  They  may  be  distinguished  from 
each  other,  because  quinia  is  fusible,  uncrystallizable,  and 
susceptible  of  a  total  decomposition  by  heat;  while  cin- 
chonia is  infusible,  partially  susceptible  of  volatilization, 
and  crystallizable  with  facility.  Besides,  of  their  acetaitt, 
only  that  of  quinia  ia  crystallizable. 

Slrycknia  is  the  only  alkali  which  is  both  infusible  and 
insusceptible  of  volatilization.  When  it  contains  brucia, 
it  reddens  with  nitric  acid,  and  yields  a  precipitate  similar 
to  that  afforded  by  morphia.  Hence,  unless  pure,  it  can- 
not be  distinguished  by  these  tests.    The  neutral  nitrate 
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f  strychnia  may  be  separated  from  that  of  brucia;  since 

the  fonner  crystaUizes,  while  the  latter  remains  disaolved. 

Emelia  is  pulverulent,  very  fusible,  sensibly  soluble  in 

boiling  water,  insoluble  in  ether,  and  neither  neutralizes 

acids,  nor  forms  with  them  cry  stall  izable  sahs. 

Veratria  may  be  detected  by  its  extraordinary  acridity, 
and  by  the  violent  sneezing  which  it  excites.  Besides,  it 
is  uncrystailizahle,  pulverulent,  very  fusible,  soluble  in  ether, 
is  rendered  yellow  by  nitric  acid,  and  resembles  emetia  in 
its  habitudes  with  acids. 

Deipkia  is  distinguished  from  veratria  liy  the  differcocc 

bf  its  physiological   properties.     Delphia   is   alleged   to 

e  inodorous,  and  is  not  said  to  excite  sneezing.     It  pro- 

inces  a  taste,  which  is  at  6rst  bitter,  but  aflerwaide  be- 

i  acrid. 


Constitution  of  the  Vegetable  Alkalies. 
All  the  vegetable  alkalies  are  constituted  of  hydrogen, 
iftrbon,  oxygen,  and  nitrogen,  except  mclamia,  which  is 
■  'devoid  of  oxygen.     Nitrogen  enters  into  their  composi- 
EHon  in  a  quantity  which  varies  fi-om  4.30  to  9.03  in  100. 
»^In  strychnia,  which  contains  the  most  carbon,  there  are 
78.22  parts  in  100 ;  while  in  emetia,  which  contains  llie 
least,  this  element  exists  in  the  ratio  of  64.57  parts  in  100. 
It  follows,  therefore,  that  it  is  the  most  abundant  ingre- 
dient in  this  class  of  substances.     In  quinia,  cinchonia. 
and  strychnia,  the  nitrogen  exceeds  the  oxygen  in  quan- 
j^ty;  but  the  opposite  is  true,  in  the  instances  of  veratria, 
vucia,  emetia,  and  morphia. 
^^  Does  //le  azote  in  vegetable  alkalies  constitute  ammonia? 
Bt  has  been  found  that  the  vegetable  alkalies,  so  far  as 
'fcliey  have  been  examined  with  care,  contain,  as  an  essen- 
J%ial  constituent,  a  considerable  quantity  of  nitrogen;  and 
he  question  early  suggested  itself, — does  the  nitrogen  in 
iiese  salt  bases  exist  in  the  form  of  ammonia?     If  so,  it 
would  be  easy  to  understand  why  they  exhibit  alkaline 
i^roperties.     The  experiments  of  Pelletier  and  Dumas  ap- 
peared to  supply  a  negative  answer  to  the  question,  as 
well  as  the  later  ones  of  Liebig,  who  fount!  that  though 
brucia  and  strychnia  are  completely  decomposed  by  nitric 
acid,  yet  ammonia  is  not  one  of  the  products.     Rut  there 
are  other  circumstances  which  are  considerably  in  favour 
of  the  opposite  opinion.    Thus,  in  the  six  vegetable  alka- 
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lies,  morphia,  narcotina,  strychnia,  bnicia,  quinia,  and 
cinchonia,  Liebig  found  that  each  atom  contained  one 
atom  of  nitrogen ;  and  that  thus  the  saturating  power  of 
each  was  in  proportion  to  the  amount  of  that  element 
which  it  contained.  The  sulphates  he  found  also  to  con- 
tain two  atoms  of  water,*  corresponding  exactly  to  the  . 
quantity  of  water  found  by  Mitscherlich  to  exist  in  the  | 
crystallizabte  salts  of  ammonia  with  the  oxacids.  These 
coincidences  are  extremely  curious;  and  though  thqr 
prove  nothing,  yet  they  show  that  we  are  not  yet  in  a 
state  to  answer  the  question,  definitively,  whether  the  le- 
getable  alkalies  do  really  contain  anunonia  or  not.'^ 

Matteucci  conceives  that  the  following  result  which  he 
has  lately  attained,  is  favourable  to  the  opinion  that  alin- 
linity  in  the  vegetable  alkalies  is  due  to  the  presence  of 
ammonia.  Sulphate  of  copper  and  pure  morphia,  findj 
pulverized  and  intimately  mingled,  were  placed  upoa 
paper  moistened  with  alcohol,  and  brought  into  contact 
with  the  copper  plate  terminating  a  galvanic  pile  of  ten 
pairs.  Under  these  circumstances,  the  evolution  of  am- 
monia is  rendered  evident  by  the  production  of  a  Uae 
colour  with  the  copper. 

OF  MORPfflA. 

This  alkali  is  one  of  the  active  principles  of  opium,  in  which  it  exists  in 
union  with  sulphuric  or  meconic  acid,  and  entangled  with  a  great  quantity 
of  colouring  matter.  From  the  acids  it  may  be  separated  by  magnesia  or 
ammonia.  The  colouring  matter  is  removed  by  washing  with  cold  water, 
and  digestion  with  weak  alcohol.  AAer  this,  the  morphia  is  dissolved  in 
boiling  hot  alcohol,  from  which  it  crystallizes  on  cooling. 

By  Dr.  Thomson,  the  morphia,  after  having  been  precipitated  by  am- 
monia in  the  first  instance,  is  dissolved  in  acetic  acid,  and  aflerwanb  de- 
prived of  its  colouring  matter  by  animal  charcoal. 

Agreeably  to  the  observations  of  Dr.  Staples,  of  this  city,  this  alkafi 
may  be  precipitated  from  common  laudanum,  by  a  mixture  of  equal  paiti 
of  aqua  ammonite  and  alcohol;  the  alcohol  being  added  to  prevent  the  pre- 
cipitation of  matter  insoluble  in  water.  In  about  twelve  hours  the  whole 
of  the  interior  surface  of  the  vessel  will  be  studded  with  crystals  intermin- 
gled with  colouring  matter,  the  crystals  themselves  being  of  the  colour  of 
brown  sugar.  By  decanting  the  liquid,  dissolving  the  crystals  in  acetic 
acid,  and  precipitating  again  by  ammonia,  the  morphia  may  be  obtained 
of  a  cream  colour. 

By  adding  chloride  of  calcium  to  a  filtered  aqueous  infusion  of  opiam, 
chlorohydrate  of  morphia  and  meconatc  of  lime  are  formed  by  complex 

*  '<  The  sulphate  of  strychnia  ho  has  since  found  may  be  obtained  in  an  aahj* 
drous  state." 
t  Johnson's  Report,  page  499. 
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aflinily.  The  krter,  being  insoluble,  precipitates;  llic  former  Tcmaioa  in 
solution,  and,  by  straining  through  a  clotb,  evaporation,  re-solution,  filtrq- 
tioo,  digestion  with  animal  charcoal,  a  second  fillraiioji,  evopnralion,  strain- 
ing, aatl  cryatallizntion,  may  be  isolated  in  a  state  of  purity. 

Morphia  is  not  soluble  in  cold,  and  but  slighHy  soluble  in  boiling  water. 
lo  alcoliol,  especially  when  boiling,  it  is  very  soluble.  It  is  white  and 
bitter,  and  r.rystallizes  in  slender.  Tour-sided,  obliquely  trunciitcd  prisma. 
In  small  doses,  it  promotes  sleep;  in  large  doses,  produces  death. 

OF  PARAMORPHIA  AND  PSEUDOMORPHIA. 

Paramorpbia  is  an  alkali  lately  discovered  by  Pellelier  in  minute  pro- 
portion in  opium.  It  is  identical  with  morphia  in  composition,  but  quite 
distinct  in  its  properties.  It  is,  therefore,  isomeric  with  morphia,  and 
hence  its  name. 

Paramorphia  is  white,  scarcely  soluble  in  water,  of  an  acrid  and  styptic 
rather  than  a  bitter  taste,  and  very  soluble  in  alcohol  or  ether,  even  when 
cold,  and  still  more  so  when  hot.  It  differs  from  morphia  in  not  being 
reddened  by  nitric  acid,  in  not  forming  crystallizable  salts  with  acids,  and 
in  not  striking  a  blue  colour  with  the  salts  of  iron-  It  differs  also  from 
morphia  in  its  action  on  the  system,  producing  tetanic  symptoms  in  doses 
of  a  grain. 

PKudtmiorphia  is  the  name  given  to  another  alkali  discovered  by  the 
same  distinguished  chemist  in  opium,  likewise  in  minute  proportion.  It 
reaembles  morphia  in  the  characteristic  properties  of  becoming  red  with 
nitric  acid,  and  of  striking  a  blue  colour  with  the  salts  of  iron,  and  yet 
differs  from  it  in  not  being  poitonotu.  It  is  not  always  present  in  opium, 
and  the  circumstances  under  which  it  is  produced  are  not  known. 

OF  CODEIA. 

This  vegetable  alkali  was  discovered  in  1832  by  Robiquet.  It  exists  in 
opium  as  a  meconate.  It  is  in  the  form  of  colourless  crystals,  which  are 
sparingly  soluble  in  water,  solobio  also  in  alcohol  and  ether,  and  insoluble 
in  alkaline  solutions.  Its  capacity  of  saturation  is  very  nearly  the  same 
as  thai  of  morphia ;  but  it  may  he  distinguished  from  that  alkali  by  the 
diflerent  form  of  its  crystals,  by  its  greater  solubility  in  water,  and  by  its 
insolubiiiiy  in  alkaline  solutions.  It  has  a  decided  action  on  the  animal 
economy,  producing,  first,  excitation,  and  afterwards  depression. 

OF  NARCOTINA- 
In  order  lo  obtain  narcotinu,  opium  may  be  shaved  or  otherwise  com- 
minuted, and  digested  with  as  much  ether  as  will  cover  it,  at  a  lempe- 
ralure  near  the  boiling  point  of  the  ether,  for  three  or  four  days.  The 
etber  being  decanted  and  allowed  to  evaporate,  the  uarcolina  will  appear 
in  slender  prismatic  crystals.  To  remove  all  the  narcotina,  opium  must 
be  eubjccted  to  successive  portions  of  ether. 

K  OF  NARCEIA. 

Wf  This  alkali  was  discoveretl  in  opium  by  Pellelier  in  1832.  It  exists  in 
"^hite,  silky,  acicular  crystals,  inodorous,  of  a  slightly  hitter  laslc,  sparingly 
soluble  in  water,  more  soluble  in  alcohol,  and  insoluble  in  ether.  It  is 
rendered  blue  by  the  dQuie  mineral  acids,  but  does  not,  like  morphia,  be- 
oome  blue  with  the  salts  of  iron,  nor  red  with  nitric  acid. 
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OF  CINCHONIA  AND  QUINIA. 

These  appelkliona  have  been  employed  to  dbliuguish  Ibe  aUialks  (ami 
in  Peruvian  bark. 

The  following  are  the  processes  by  which  they  were  obtained  by  ihc 
discoverera,  Pellelier  and  Caventou. 

Twoparlaby  weight  of  pale  bafk,("  Cinchona  gris,"  or  "Cinchona  Cod- 
damenea,")  were  subjeclcd,  four  times,  to  six  parts  of  hot  alcohol.  Tit 
alcohohc  tinctures  were  united  and  distilled  to  separate  the  alcolwl;  two 
parts  of  water  being  added  towards  the  close  of  the  distillation,  to  seam 
the  residuum  from  injury  by  the  fire.  This  residuum  received  on  a  filler, 
employed  to  separate  it  irom  the  water,  had  a  red  colour,  and  a  re«iDMii 
appearance.  In  this  state  it  was  washed  with  water,  weakly  alkatiM. 
Aiier  many  days  washing  with  alkaline  water,  this  passed  the  filler,  lim- 
pid and  without  colour.  The  matter  on  the  filter  was  next  washed  inih 
pure  water,  and  afterwards  appeared  of  a  greenish- white  colour,  li  m 
very  fusible,  soluble  in  alcohol,  and  gave  crystals  which  were  in  the  All 
of  the  cinchonia,  as  discovered  by  Dr.  Gomez,  of  Lisbon,  having  aaat 
characteristics  of  a  resinous  substance.  By  solution  in  chtorobydnc  add 
very  much  diluted,  a  quantity  of  green  fatty  matter  was  separated.  Tbii 
separation  is  imperfectly  accomplished  if  the  acid  be  strong. 

The  solution  thus  obtained  was  of  a  golden-yellow  colour,  and  wbea 
evaporated  it  gave  crystals,  soluble  in  alcohol  and  water.  Its  taste  m 
very  bitter,  and  it  was  precipitated  abundantly  by  alkaline  aolutioss;  ud 
being  slightly  heated  and  mixed  with  magnesia,  it  yielded  a  precipitik. 
This,  alter  washing  with  water,  was  dissolved  in  alcohol,  producing  a  Kty 
bitter  solution,  whence  crystals  of  cinchonia  w^re  obtained  by  evaporstioi 
By  subsequent  solution  in  the  same  menstruum,  and  evapota.lion,  cincbfr 
nia  was  obtained  in  very  white,  delicate,  brilliant,  prisnwtic,  needlo-tbaftd 
crystals. 

Cinchonia,  though  nearly  insoluble  in  water  when  cold,  Is  soIuUeiiil 
when  boiling.  A  thousand  parts,  by  weight,  are  requisite;  and  tbcxih^ 
tion  becomes  opake,  or  opalescent,  on  cooling. 

It  is  very  bitter,  though,  from  its  insolubility,  this  property  is  not  umfr 
diately  perceptible.  Its  sulphate  and  other  soluble  salts  are  exceaunlf 
bitter;  but  the  eHect  on  the  taste  differs  from  that  of  a  strong  decoctioaaT 
the  bark,  in  not  being  associated  with  an  astringency  due  la  another  prin- 

Treating  the  yellow  Peruvian  bark,  "  quinquina  jaune,"  (Cinchona  ok- 
difolia)  by  the  process  used  in  developing  cinchonia,  Messrs.  Pellelier  cad 
Caventou  were  surprised  to  find  a  yellowish  substance,  apparently  inai^ 
ceptible  of  crystallization.  This  substance  (hey  were  at  first  ted  to  oae. 
aider  as  cinchonio,  disguised  by  foreign  matter.  It  was,  however,  fintlly 
ascertained  to  tie  a  vegetable  alkali,  analogous  to  cinchonia,  but  not  iden- 
tical with  it. 

The  alkali,  thus  discovered,  has  been  denominated  quinia. 

Quinia  is  so  difficult  to  crystallize,  that  it  was  supposed  to  tie  uncrystiil- 
iizable.  It  has  since  been  obtained  from  its  solution,  in  very  higlily  con- 
cenirated  alcohol,  in  crystalline  needles,  or  fine  crystaUine  lufta.  When 
entirely  deprived  of  water  by  drying,  it  appears  a  porous  mass  of  a  diflj 
wtul£  colour.  It  is  almost  insoluble  in  water,  but  readily  dissolves  In  it 
cohol  or  etiier.     It  is  extremely  bitter. 

Sulphate  of  Quinia. — It  appears  to  me  that  tho  most  eligible  process  fcr 
ol>taiiung  sulph^  of  quinia,  ia  as  follows : — Boil  s  pound  of  tbe  bnami 
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bark  with  three  fluidrachnu  of  sulphuric  acid  in  a  gallon  of  water.  Make 
ft  similar  deccction  of  the  same  bark  with  half  the  quantity  of  acid,  and 
again  with  a  lesser  quantity  of  acid,  until  all  the  soluble  matter  appeacs  to 
be  extracted.  Add  pulverized  hydrate  of  lime,  until  the  acid  is  saturated. 
By  these  means,  sulphate  of  lime,  mingled  with  qulnia,  will  be  precipitated. 
In  the  next  place,  the  precipitate,  being  collected  and  dried,  is  to  be  boiled 
ID  alcohol,  which  will  take  up  the  quinia.  The  alcohol  being  removed  by 
distillation,  (he  quinia  is  to  be  saturated  with  sulphuric  acid  very  much  di- 
luted with  water,  animal  charcoal  to  be  added,  and  the  liquid  concentrated 
by  ebullition.  Afterwards,  by  refrigeration,  crysiala  of  the  sulphate  will 
appear. 

OF  ARICINA. 
This  alkali  was  discovered  in  1829  by  Pelletier  and  Coriol,  in  a  bark 

brought  from  Arica,  on  tlie  Pacific  Coast  of  South  America,  which  was  li 

Iraudulemly  mixed  with  the  Calisaya  bark.     It  is  n  white  transparent  ,3 
crystalline  substance,  having  a  warm  and  acerb  taste,  which  is  long  in  de-           .   j 

veloping  itself.     Ii  dissolves  in  alcohol  and  ether,  but  is  completely  insolu-  1 

bte  in  water.  J 

OF  STRYCHPflA.  k 

The  poisonous  principle  of  the  Strychnoa  nux  vomica,  and  Sirychnos  ■ 

ignatia,  proves  to  be  an  alkali,  which  is  called  strychnia.     It  may  be  de-  J 

veloped  by  a  process  similar  to  that  used  for  morphia.     It  was  originally  \ 

obtained  by  Pelletier  and  Caventou,  by  subjecting  the  bean  of  the  strych-  1 

DOS  ignatia,  duly  rasped,  to  nitric  ether  in  a  Papin's  digester,  to  reotove  ' 

fatty  matter;  and  subsequent  exposure  of  the  re-sidue  to  alcohol,  in  which  'i 

the  strychnia,  in  union  with  an  acid,  dissolves.     The  alcohol  having  been  I 

evoporoted,  and  the  residuum  dissolved  in  water,  the  addition  of  potash 
caused  the  alkali  to  precipitate.  It  was  aflerwards  washed  in  cold  water, 
and  redissolved  in  alcohol,  from  which  it  crystallia^  by  evaporation- 

The  colour  of  strychnia  is  white.  Its  taste  is  intolerably  bitter,  leaving 
a  metallic  impression  in  the  mouth.  It  is  nearly  insoluble  in  water,  or 
ether,  but  is  very  soluble  in  alcohol.     It  is  a  terrible  poison,  very  small  j! 

quantities  producing  tetanus  to  a  fatal  extent.  \ 

OF  BRUCIA.  I 

This  alkaU  exists  in  the  bark  of  the  Brucia  anlidysenterica,  or  false  an-  D 

gtislura.     The  bark  was  first  subjected  to  sulphuric  ether,  and  afterwards  1 

to  alcohol.     The  alcohol  being  evaporated,  afforded  a  dry  residuum,  which  . 

■was  dissolved  in  water.     The  solution  in  water  was  saturated  with  oxalic  \ 

acid,  and  evaporated  to  dryness.     The  residue  was  the  oxalate  of  brucia,  || 

disguised  by  colouring  matter,  which  was  removed  by  alcohol.     The  oxa-  i 

late  of  brucia  was  decomposed  by  lime  or  magnesia,  cither  of  which  forms  A 

BB  insoluble  salt  with  oxalic  acid;  while  the  brucia  is  soluble  in  &00  times  ■ 

its  weight  of  boiling  water,  or  in  S50  parts  of  cold.     Hence  it  was  sepa-  1 

rated  from  the  insoluble  oxalate  by  water. 

Brucia  cryslallizes  in  oblitjue  prisms,  with  parallelograms  for  their 
bases.     Ii  is  less  bitter  than  strychnia,  but  its  taste  is  more  acrid  and  du-  , 

rable.  It  melts  when  healed  a  little  above  212°,  and  congeals  on  cooling 
into  a  mass  resembling  wax.  It  nenlralizee  acids,  affording  a  distinct 
class  of  salts.  On  animals,  its  eRects  are  analogous  to  those  of  strychnia, 
but  less  violent.  ' 


A 
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OF  DELPHIA. 

It  was  in  (he  seeds  of  the  Delphinium  staphisagrta,  or  stavesacre,  in 
which  it  exists  as  a  malate,  that  this  alkali  was  detected.  A  decodiac  «f 
the  seeds,  which  had  heea  cicauscd  and  reduced  to  a  pulp,  was  fillerd, 
The  fluid,  whi<^h  passed  the  filter,  was  boiled  with  magnesia.,  nbicfa  life 
rated  the  delphia.  It  was  then  separated  from  the  oiagDesia  by  alaJnl, 
and  from  this  solvent  by  evaporation- 

Delphia  i»  white,  pulverulent,  and  very  soluble  in  alcohol  and  ether,  ll 
la  iDodoroiis,  but  its  taste  is  extremely  acrid  and  bitter.  Water  denva 
from  it  an  acrid  taste,  though  it  does  not  dissolve  any  appreciable  quantiiy. 
By  comhinalioii  with  acids,  it  forms  neutral  sails,  which  are  soluble  ia 
water,  and  very  acrid  and  bitter. 

OF  VEK ATRIA. 

This  alkali  is  obtained  from  the  seed  of  the  Veralrum  sabadilln;  ilae 
from  the  roots  of  the  Veralrum  album  (white  hellebore),  and  Colchiain 
aulumnale  (meadow  saflron). 

The  seeds,  partially  depurated  by  digestion  wilh  ether,  yielded  a  » 
loured  tincture  wilh  heated  alcohol.  This  tincture  deposited  some  irajj 
matter,  on  cooling,  and  by  evaporation  aSbrded  a  residuum,  solubh  in 
water,  excepting  a  small  portion  of  extraneous  matter.  The  watery  mIo- 
tion  being  slowly  and  partially  evaporated,  until  an  orange-coloured  pis 
cipitate  ceased  to  appear,  acetate  of  lead  was  added  to  it.  A  copious  yd' 
low  precipitate  ensued,  and  the  liquor,  being  separated  from  it  by  a  filler, 
became  almost  colourless.  This  fluid  was  subjected  to  sulphydric  add, 
to  precipitate  any  lead  which  it  might  contain.  The  solution  then  gtn 
with  magnesia,  a  precipitate,  from  which  alcohol  took  up  verotria.  Frao 
(he  alcoholic  solution,  the  veratria  was  afterwards  isolated  by  evaponuioa. 

Veratria  is  while,  pulverulent,  and  inodorous,  but,  nevertheless,  pcnstn- 
ous  when  inhaled,  producing  violent  and  dangerous  sneezing.  Its  tastes 
not  bilter,  but  excessively  acrid.  It  is  very  soluble  in  alcohol  and  ether. 
Minute  quantities,  taken  into  the  stomach,  produce  intolerable  vomitu^ 
and  sickness.     Larger  dosea  would  certainly  prove  fatal. 

OF  SABADILLIA. 
Sabadillia  was  discovered  by  Coucrbe,  as  an  alkali  accompanying  ter*- 
tria  in  oevadilla,  and  in  the  roots  of  the  Veratrum  album  (white  bellebonj 
and  Colchicum  autumnale  (meadow  saffron).  It  is  a  white,  crystallistlie 
substance,  insupportably  acrid,  fusible  by  heat,  readily  soluble  in  bu 
water,  very  soluble  in  alcohol,  and  wholly  insoluble  in  clheri 

OF  EMETIA. 

This  alkali  is  obtained  from  ipecacuanha.  The  roots,  well  pulveriffid, 
are  digested  in  ether.  They  are  then  subjected  to  alcohol,  the  resulting 
solution  is  evaporated,  and  the  reeiduum  dissolved  in  water  and  mac«raied 
upon  magnesia,  which  causes  the  emelia  to  precipitate.  This  precipinuu 
is  washed  with  coid  water  lo  remove  colouring  matter,  and  afterwards  sub- 
jected to  alcohol,  which  lakes  up  the  emetia.  The  emetia  again  separabd 
from  its  solvent  by  evaporation,  being  dissolved  by  diluted  acid,  aal 
blanched  by  animal  charcoal,  may  be  precipitated  pure  by  any  of  ihc  al- 
kaline oxides. 
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'  Tbus  obtained,  emetia  is  white,  pulverulent,  anJ  unalterable  by  the  air, 
scarcely  soluble  io  water,  but  very  soluble  in  ether  or  alcohol.  Iw  taste 
ia  slightly  bitter.  It  restores  the  colour  of  litmus,  when  reddened  by  an 
■cid;  and  is  capnble  of  rorniiog  crystal! izable  suits,  like  other  alkalies. 
It  appears  to  possess  aJl  the  emetic  properties  of  the  root  froni  which  it  is 
procured. 

OF  SOLANIA. 

Solania  is  the  name  which  has  been  given  to  an  alkali,  which  exists  in 
the  black  nightshade,  (Solanum  nigrum,)  and  in  the  bittersweet  (Solonum 
dulcamara). 

The  filtrated  juice  of  the  berries  of  the  nightshade  is  digested  in  ammo- 
nia; the  precipitate  which  results  is  washed  on  the  filter,  and  digested  in 
boiling  alcohol.  Ailer  the  evaporation  of  this  fluid,  solania  is  obtained  in 
sufficient  purity.  It  ia  a  white,  opako,  pearly  powder,  which  is  inodorous, 
slightly  bitter,  and  nauseous.  Its  acid  solutions  are  more  bitter.  Its  salts 
are  uncrystal  I  izable.  In  cold  water  it  is  insoluble,  and  in  hot  dissolves 
only  to  a  small  extent.  It  is  very  soluble  in  alcohol,  but  is  not  dissolved 
by  ether.  It  restores  the  colour  of  litmus,  reddened  by  an  acid.  It  causes 
vomiting  at  first,  afterwards  sleep. 

OF  ATROPIA. 

Atropia  is  procured  from  a  decoction  of  the  leaves  of  the  Atropa  bella- 
dotma,  or  deadly  nightshade.  Two  pounds  of  the  leaves  were  boiled  in 
successive  portions  of  water,  which  being  united,  and  sulphuric  acid  added 
to  the  whole,  the  resulting  liijuid  was  filtered,  and  yielded  a  crystalline 
precipitate  with  potash.  This  precipitate,  repeatedly  dissolved  in  acids,  and 
precipitated  by  alkalies,  gave  pure  atropia.  Thus  obtained,  it  is  snow- 
white,  and  quite  tasteless.  When  recently  precipitated,  it  is  slightly  solu- 
ble in  water.  After  being  dried,  it  is  insoluble  in  water,  ether,  or  oil  of 
turpentine.  In  cold  alcohol  it  is  sparingly  soluble;  but  copiously  in  the 
same  menstruum  when  boiling  hot. 

Atropia  forms  compounds  with  acids,  which  cannot,  however,  be  ren- 
dered so  neutral  as  not  to  indicate  acidity. 

OF  MENISPERMIA. 
This  alkali  was  discovered  by  Peilelier  and  Couerbe  in  the  coeculua  In- 
dicus.     It  is  a  white,  crystallized,  opake,  insipid,  inodorous  substance,  in- 
soluble in  water,  but  soluble  in  alcohol  and  ether,  especially  when  hot. 
It  has  no  decided  action  on  the  animal  economy. 

OF  MELAMIA  AND  AMMELIA. 
These  are  two  artificial  alkalies,  recently  discovered  by  Liobig.     They 
possess  no  importance. 


I 
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SECTION  VIII. 
OF  DOUBTFUL  VEGETABLE  ALKALIES. 

Thenard  eDumcrates  the  ^ven  following  substances,  as  principleitf 
which  the  alkaline  properties  have  Dot  been  fully  proved ;  viz :  acomfn, 
daturin,  kyo»cyamm,  corydalin,  curarin,  meotin,  and  colchicin. 

Aconitin  is  obtained  from  the  Aconltum  napellus,  or  wolfsbane,  of  which 
it  forms  the  active  principle. 

Dalurin  is  the  appellation  given  by  Brendes  to  an  alkaline  princij^ 
which,  he  alleges,  he  has  extracted  from  the  seeds  of  the  Datura  sinmo- 

Hyoscyamin. — To  a  principle  to  which  this  appellation  is  givcii,  iIh 
active  qualities  of  the  Hyoscyamus  niger  or  lienbane  are  attributed.  lip 
alleged  lo  be  susceptible  of  crystallization,  and  capable  of  forrning  nib 
with  acids. 

Corydalin,  "  diacovered  by  Dr.  Wackenrorfer.  is  contained  in  the  nn 
of  the  fumitory,  not  the  common  fumitory  (Fumaria  oficinalU),  bu 
Fumaria  cava,  and  Corydalis  luberosa  of  DecandoUe.  It  exists  in  tit 
plant  as  a  soluble  malate,  is  precipitated  from  its  aqueous  solution  by  mag- 
nesia, and  is  purified  by  alcohol."* 

Curarin  was  discovered  by  Boussingaall  and  Rouhu,  in  a  roatteren- 
ployed  by  (he  savages  of  South  America  to  poison  arrows. 

Nirotin. — Tobacco  is  alleged  to  owe  its  acridity  and  narcotic  powenb 
a  principle  called  nicotin,  which  exists  in  it  combined  with  acetic  acid. 

Colchicin  was  obtained  from  the  Colchicum  aulumnale  by  Gciger  vti 
Hesse.  It  is  a  white  inodorous  substance,  of  an  acrid  and  very  bion 
taste,  cryslallizable  in  sleoder  needles,  and  soluble  both  in  water  indil- 

The  following  substances,  formerly  supposed  to  be  organic  alkalies,  «t 
found  to  be  tndifffrent  or  neuter  principles;  viz;  perotaiin,  obtaioed 
from  the  cocculus  Indicus;  pariglin  or  aartaparillin,  from  sarsaparilU;! 
talicin,  from  different  species  of  Sahx  end  Populus,-  and  et^ein,  from  cor- 
fee.  Meronin  is  an  indifferent  or  neuter  substance,  aonouoced  iq  1S31 
as  existing  in  opium  by  M.  Couerbe.  See  analysis  of  opium,  under  tbe 
head  of  gum -resins,  page  449. 


SECTION  IX. 

OF  THE  VINOUS  FERMENTATION. 

When  certain  vegetable  infusioDB,  or  mixtures  of  sac- 
charine and  farinaceous  matter,  or  the  juices  of  fruits,  as 
those  of  the  apple  or  grape,  are  kept  at  a  tenoperatare 

■  Turner's  Chemiitry,  Sth  English  edition,  page  645. 

I  See  an  account  of  the  anatjticKl  reneiircbeB  which  hare  traeD  mtdo  on  Mnan- 
rilla,  in  tbe  U.  S,  Digpenaalory,  3d  edition,  pa^  577. 
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neither  above  120°,  nor  below  50°,  a  chemical  reaction 
easues,  during  which  carbon  and  oxygen  unite,  and  es- 
cape in  the  form  of  carbonic  acid  gas;  while  the  propor- 
tion of  the  liydrogen  being  increased  in  the  residue,  a 
new  hquid  is  formed,  in  which  hydrogen  predominates. 
This  hquid  is  alcohol,  or  spirit  of  wine,  in  which  the  in- 
toxicating power  of  fermented  liquors  resides,  and  the 
process  by  which  it  is  produced,  is  called  the  vinous  for- 
mentation. 
r  OF  YEAST  OR  FERMENT. 

i.The  vinous  fermentation  is  wonderfully  and  myste- 
ibusly  promoted  by  the  presence  of  a  ferment.  Tliis  is 
■  peculiar  species  of  matter,  usually  called  yeast,  which 
is  extricated  or  formed  during  fermentation,  and  which, 
from  its  viscidity,  so  envelops  the  carbonic  acid,  gene- 
rated at  the  same  time,  as  to  be  elevated  by  it  to  the  sur- 
face of  the  liquid.  The  part  which  yeast  performs  as  an 
exciting  cause  of  fermentation,  seems  to  be  somewhat 
analogous  to  that  of  a  virus,  in  inducing  disease  similar 
to  that  from  which  it  originates. 

It  has  always  appeared  to  me  possible  that  the  vinous 
and  acetous  fermentations  were  severally  due  to  appro- 
priate animalcules,  of  wliich  yeast  might  be  the  eggs;  or 
in  the  case  of  the  acetous  fermentation,  that  the  mother 
of  vinegar  might  be  similarly  constituted.  It  is  remark- 
able that  the  temperature  requisite  for  fermentation,  has 
nearly  the  same  limits  as  that  requisite  for  life. 

The  proportion  of  yeast  required  to  induce  fermenta- 
tion is  very  small,  not  being  more  tlian  one  part  in  one 
thousand  when  judiciously  managed. 

The  juice  of  the  apple,  and  that  of  the  grape,  ferment 
Bpontaneously,  in  consequence  of  the  presence  of  some 
matter,  naturally  existing  in  the  fruit,  which  operates  like 

(east.  A  pure  solution  of  sugar  does  not  spontaneously 
Bidergo  the  vinous  fermentation. 
I  Whatever  may  be  tlie  nature  of  the  septic  principle  in 
Bgetables,  a  temporary  exposure  to  the  air  is  indispen- 
sable to  give  it  activity.  Vegetable  juices  may  be  pre- 
vented from  entering  into  fermentation,  hy  heating  them 
to  the  boiUng  point,  and  sealing  them  up  in  bottles,  so  as  I 

to  exclude  the  air  completely;  but,  after  fermentation  has  J 

,been  induced,  it  cannot  be  arrested  by  excluding  the  air.  \ 


OF  ALCOHOL. 

By  the  distillation  of  fermented  liquors,  the  alcohol  io 
them  is  separated ;  as  it  boils  at  a  lower  temperature  iban 
water.  It  sliii  contains,  however,  more  or  less  of  tbij 
liquid;  and  though  depurated  from  it  to  a  considemhle 
degree  by  repeated  distillations,  the  chemical  affinity  of 
peariash,  or  some  other  substance  attractive  of  moigitire, 
is  requisite  to  produce  the  highest  possible  degree  of  pu- 
rity, at  which  the  specific  gravity  of  alcohol  is  to  thatol' 
water,  nearly  as  SOO  to  1000,  at  60°  F. 

Properties. — The  union  between  alcohol  and  water  l? 
so  energetic,  as  to  cause  a  rise  of  temperature  and  a  di- 
minution of  volume,  when  they  are  mixed. 

Alcohol,  by  combustion,  yields  only  water  and  carbonic 
acid.  It  is  more  expansible  than  water,  and  boils  at  176'. 
Its  capacity  for  heat,  whether  in  the  liquid  or  aeriform 
state,  IS  much  less  than  that  of  water.  It  is  a  powertiil 
solvent,  and  a  highly  useful  agent  in  pharmacy,  and  in  the 
delicate  analysis  of  vegetable  and  animal  matter.     It  is  a!- 

tleged  that  it  has  been  frozen  by  a  cold  of  — 90°  by  Bussy. 
I  have  ascertained  that  the  addition  of  one-seventh  of 
oil  of  turpentine  will  render  the  flame  of  alcohol  30  lutoi- 
nous,  as  to  be  a  competent  substitute  for  a  candle  flame. 
When  alcohol  is  passed  through  a  red-hot  porcelain  or 
copper  tube,  it  is  decomposed  into  equal  volumes  of  waier 
^  and  olefiant  gas.     Yet  it  will  appear  from  the  next  section, 

■  that  carbon  and  hydrogen  are  now  conceived  to  exist  in 

L  ■" 


27R.  Alcohol  Blowpipe. 


1D.II  bailer,  A  (aee  fig.)  cootiiiiH 

>hal,  in  wiiicb  uJcohoUc  n|»ui 

gonentod,  u  steam  u  by  tlw  koik 

The  VKMur  thiu  eenantcJ,  tiiA 
■liluted  for  air   in    the  bUit  rf  lli 
hlowpipp,  being  directed  apoa 
flime  o(a  lamp  in  the  aaoiB  vaf.ljf 
meaneoTa  pipe  proceedinj  &oar^ 


It  ma;  bo  objected  (o  flan*  ItM 
Giciled,  that,  as  tlie  oXfg»D  UiM* 
cnpioualj  supplied  as  wheo  ■  UnA 
of  aJr  is  used,  Ibe  oxide  of  lead  « 
Hint  rIus  lubCB  is  redocsd  h  l^ 
and   uia  glass  coiisoijuctitlj  burl- 


Btonni  through  tl; 
as  in  imual  B;  a 


The  appnralua,  here  rcprosDtiloil,  is  furniBhed  with  on  adjusting  acrow,  3,  by 
which  tho  height  of  the  boiloi  Is  regulated;  while  tha  communication  is  preserved 
between  it  and  the  beak  by  menns  of  a  lube  sliding  Uirough  &  stutEng  bai,  C, 
irhich  BUrmounts  a  larger  lube  to  which  the  beak  ia  soldered. 

279.  New  Modification  of  the  Blowpipe  by  Alcohol. 

a  figure  represents  an  improved  blow- 

■     ■    ■       ■  dinary  conslruc- 

ol,  (helnflamma- 

^    1  jet  of  alcoliollo 

me  of  D.  lunp,  suppoitsd 

[,    The  infiammBtion  of 

le  let  cannot  be  aUBlained  without  the  heat  of 

the  larni>  Haiao ;  aince  the  combustion  docs  nut 

proceed  wilh  aufiicieiil   rapidity,  to  present 

far  froni  the  nrjiice  of  Ihe  pipe,  and  from  Lcing 
so  much  cooled  hy  admixture  of  air,  as  to  be 
exlinguinlied.  By  using  two  jeta  a(  vipoar 
in  oppoaition  to  each  other,  I  Rnd  (he  indam- 
mation  may  be  austainnd  without  a  lamp.  If 
one  part  of  oil  of  lurpautino  with  seven  of 
alcohol  be  used,  the  (fame  becomoa  as  lumi- 

In  order  to  equalise  and  rcgulalo  the  aQui, 
I  have  contrived  a  boiler  like  a  gasometer. 
It  cnnaista  of  two  coneontric  cylinders,  open 
at  lop,  leaving  an  jnlentice  of  about  a  quarter 
of  an  inch  between  them;  and,a  third  cylin- 
der, open  at  bottom,  which  slides  up  and 
down  in  (he  interstice.  The  interstice  being 
Slled  wilh  boiling  water,  and  alcohol  intro- 
duced into  the  innermost  cylinder,  it  soon  boils 
and  escapes  by  tho  pipes.  These  pass  through 
atufling  boiea  in  tiie  bottom  of  the  cylinder. 
Hence  their  orifices,  and  of  courae  the  flame, 
may  be  mndo  to  approach  to,  or  recede  from, 
B  that  the  introduction  of  the  alcohol  requires  the 
nporuy  removal  of  the  ■nlermedjate  cylinder. 


SECTION  X. 

OF     ETHERS. 

By  the  reaction  between  alcohol  and  various  acids  and 

"ler  active  bodies,  a  variety  of  volatile,  inflammable  li- 

uids  are  produced.     These  liquids  are  called  generically 

rthers,  and  are  individually  distinguished  by  associating 

irith  the  generic  appellation,  that  ol"  the  agent  by  means  of 

which  thoy  are  generated,  and  of  which,  in  a  majority  of 

Dstances,  they  partially  consist. 

The  generic  appellation  ether  has  likewise  been  extended 

)  some  analogous  liquids,  formed  by  the  reaction  of  the 

idogen  bodies  with  alcohol.    A  simple  conception  of  the 
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various  etliers  is  obtained,  by  contemplating  them  as  hav- 
ing a  common  base,  etherine,  of  which  E  is  the  symbol 
and  4CH  the  formula.  Consistently  with  this  view  of 
their  composition,  the  following  classification  may  be 
adopted : — 

Amphigcn  elhersy  embracing  such  as  are  formed  by  a 
imioD  of  etherine  with  any  of  the  amphigcn  bodies,  or  their 
acid  compounds,  and  comprising,  ot  course,  oxacid  ethers, 
sulphacid  ethers,  selenacid  ethers,  and  telluracid  ethers. 

Halogen  ethers,  formed  by  the  union  of  etherine  with  the 
halogen  bodies,  or  with  the  acids  in  which  these  bodies 
act  as  the  electro-negative  ingredient. 

The  oxacid  ethers  would  comprise  the  sulphuric,  nitric,* 
oxalic,  tartaric,  citric,  acetic,  Jormic,  malic,  succinic,  and 
cyanic  ethers,  &c. 

Sulphacid  ethers. — In  this  class  we  find  the  miphydraie 
of  etherine,  called  mercaplan,  and  I  infer  that  thialic  elhtr 
belongs  to  it. 

Halogen  ethers. — Under  this  head  we  have  the  ethers 
formed  with  chlorine,  bromine,  and  iodine ;  and  the  halo- 
hydric  ethers,^  embracing  the  chlorohydric,  iodohydric, 
bromokydric,  cyanhydric,  and  Jluohydric  ethers. 

Agreeably  to  recent  observations  which  show  that  mj- 
theline  acts  as  a  base  in  certain  ethers,  there  would  be  dif- 
ferent orders,  according  to  the  base  present ;  as  for  in- 
stance. Order  Isl,  Etherine  Etliers;  Order  2d,  Mythclmt 
Ethers. 

I  once  obtained  a  liquid  which  seemed  to  have  the  same 

(relation  to  sassafras  oil  or  sassafrine,  that  alcohol  has  to 
etherine,  or  pyroxylic  spirit  to  niytheline.  It  is,  therefore, 
possible  there  may  be  other  orders  of  ethers. 

The  ether,  commonly  although  erroneously  called  sul- 
phuric ether,  consists  of  an  atom  of  water  acting  as  an 
acid,  and  an  atom  of  etherine.  The  ethers  forined  with 
the  acids  which  require  water  for  their  existence,  and 
which  might  therefore  be  called  hydrnted  acids,  consist  of 
an  atom  of  one  of  those  acids,  combined  both  with  the 
requisite  atom  of  water,  and  with  an  atom  of  etherine. 

*  Nitric  ether  contaiDs  the  acid  of  oitro^n  which  coniisU  of  tfareci  (tmna  tf 
oiygen  to  one  of  nitrogen.  Aa  this  compound  is  called  nitrous  acid  bj  BamliM 
and  otherB,  while  in  Great  Britain  it  bears  the  nnnie  of  ht/ponilrma  add,  I  uIhM\ 
for  Ihe  prenent,  to  the  name  of  nitric  ether,  hereMfore  geaerallj  uBcd. 

t  B;  lintohirdric  ethorm  I  mean  such  u  conslBl  of  etherine  and  a  bftlohfdlie  viA,  , 
or  on  Bcid^coiDpoaed  of  hjdrogen  in  naioD  with  a  halogen  body.  J 


\ 
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By  the  unioD  of  the  halogen  bodicB,  or  halohydric  acids 
with  elherine,  anhydrous  ethers  are  formed.  The  halo- 
hydric ethers  obviously  difler  from  hydric  ether,  only  in 
the  substitution  of  an  atom  of  one  of  the  halogen  bodies 
for  an  atom  of  oxygen. 

Some  chemists  attach  to  the  etherine.  the  atom  of  water 
entering  into  the  composition  of  the  hydrated  acid  ethers; 
as  if  they  were  compounds  of  their  respective  acids  in  the 
anhydrous  state,  and  hydric  ether.  As  some  acids,  espe- 
cially organic  acids,  cannot  exist  isolated  from  water,  I 
deem  it  more  correct  to  consider  the  water  as  associated 
with  them  after,  as  well  as  before  their  union  with  ether- 
ine. 

OF  HYDRATED  ORGANIC  ACID  ETHER8. 

Ethers  under  this  designation,  as  for  instance  the  acetic, 
yormic,  tartaric,  oxalic,  citric,  succinic,  and  malic  ethers,  are 
obtained  by  the  reaction  of  a  salt  containing  the  acid,  with 
sulphuric  acid  and  alcohol.  The  organic  acid,  together 
ivith  the  water  requisite  to  its  existence,  being  displaced 
from  the  base  by  the  stronger  affinity  of  the  sulphuric 
acid,  unites  with  the  etherine  contained  in  the  alcohol,  and 
forms  a  peculiar  ethereal  liquid,  which  is  distinguished  by 
the  name  of  the  acid  which  enters  into  its  composition. 

The  limits  of  this  work  do  not  allow  of  my  treating  of 
these  ethers  in  detail. 

OF  HYDRIC  ETHER,  COMMONLY  CALLED  SULPHURIC  ETHER. 

When  equal  weights  of  alcohol  and  sulphuric  acid  are 
mixed  and  distilled,  a  liquid,  known  by  the  name  of  sul- 
phuric ether,  is  produced.  If  the  distillation  endure  suffi- 
ciently, fumes  of  sulphurous  acid,  and  a  yellow  sulphurous 
ethereal  liquid,  together  with  water  come  over.  Finally 
the  residue  rises  in  a  foam,  so  as  to  render  it  necessary 
to  terminate  the  process. 

To  remove  the  sulphurous  acid,  the  product  of  the  dis- 
tillation should  be  refrigerated  by  ice,  and  agitated  with 
liquid  ammonia  in  a  well  closed  bottle,  surrounded  by  ice 
and  salt.  If  refrigeration  were  not  employed,  the  sulphu- 
rous acid  would,  in  consequence  of  the  generated  heat, 
carry  off  much  of  the  ether. 

The  resulting  ethereal  solution,  being  separated  by  a 
fiiunel  from  the  ammonia,  should  in  the  next  place  be  sub- 
jected to  distillation  by  means  of  a  water  bath,  which  is 
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at  first  heated  to  120°  to  separate  the  ether,  and  afterwards 
raised  to  a  boiHng  heat  to  obtain  the  compound  of  alco- 
hol, ether,  and  oil  of  wine,  called  Hoffmami's  Anodyne  li- 
guor. 

Obtained  as  abovementioncd,  ether  is  sufficiently  pure 
for  medicinal  purposes,  and  generally  for  those  of  the  la- 
boratory, but  is  not  free  from  water  and  alcohol.  In  or- 
der to  depurate  it  of  these  liquids,  it  muat  be  mixed  with 
anhydrous  chloride  of  calcium,  and  distilled  with  a  beat 
not  higher  than  120°. 

Properties, — Hydric  ether  is  very  volatile  and  ligbt 
being  when  pure,  in  weiglit  compared  with  water,  as  7O0 
to  1000.  The  cold,  produced  by  the  evaporation  of  thii 
liquid  in  the  air,  and  by  its  ebullition  in  vacuo,  was  ad- 
duced among  the  phenomena  of  caloric,  page  92  a,nd  117. 
Under  the  pressure  of  the  atmosphere  it  boils  at  98°,  and 
in  vacuo,  below  the  freezing  point  of  water.  It  combioei 
with  water  to  a  limited  extent,  but  unites  with  alcohol  in 
any  proportion.     It  freezes  at  — ^16°. 

Hydric  ether  has  peculiar  and  highly  useful  properties 
as  a  solvent. 

280.  Experiiaenlal  Uliisirations. 
Equal  parts  by  weight  of  sulphuric  acid   and  alcohol, 
being  mingled  in  a  retort  and  distilled,  hydric  ether  is  ob- 
tained and  exhibited. 

281.  Surprinng  Infiammabililg  of  Hydric  Ether  illustrated. 

Tbo  inflammabilily  of  hydric  elher  may  be  illustrated  by  applying  Ik   I 
flame  of  a  taper  to  a  jet  orit,  while  passing  Ihrough  the  air,  as  repiexcAd    ' 
in  the  following  figure.     Under  these  circumstances,  the  ether  is  txn- 
verted  into  a  continuous  arch  of  flame. 

The  jet  may  be  produced  by  compressing  the  bag  with  the  hand,  or  1^ 
healing  the  bulb  containing  the  ciher,  so  that  the  pressure  of  i)>e  vapour, 
generated  by  ebullition,  may  propel  the  liquid  in  a  stream  from  tbe  caA 
Jary  orifice.     If  the  laller  method  he  adopted,  the  bag  may  be  "  * 

with. 
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m   OF  SULPHATE  OF  ETHERINE,  OR  OIL  OF  WINE,  THE 
m  ONLY  TRUE  SULPHURIC  ETHER. 

K  It  has  been  mentioned  that,  when  the  residual  liquor  froin  wliic)i  liydric 
Hd>er  bos  been  distilled  by  a  heat  not  c^iceeding  120°,  is  exposed  to  the 
^BlDpeialurQ  of  boiling  water,  a  liquid  ia  obtained,  which  has  the  virtues  of 
HnBinBoo's  anodyne.  This  preparation  should  produce  a  milky  appear- 
^bce  with  water,  in  consequence  of  the  presence  of  sulphate  of  etberine, 
^Hiich  ia  insoluble  in  thai  liquid.  This  ethereal  sulphate  is  formed  towards 
H|B  close  of  the  ordinary  process  for  making  hydric  ether,  and  may  be  ob- 
^Kned  more  directly  by  mingling,  and  subjecting  to  distillatioD,  equal  mea- 
Hfares  of  alcohol  and  sulphuric  acid. 

m^  Consistently  with  the  knowledge  which  has  been  obtained  by  recent  In- 
Brestigations,  especially  those  of  Henne!,  alcohol  consists  of  two  volumes  of 
^he  vapour  of  water,  united  to  one  volume  of  the  vapour  ofclherine,  which 
Hoosists  of  four  volumes  of  each  of  its  ingredients,  carbon  and  hydrogen, 
^ud  acts  as  a  base.  On  the  access  of  sulphuric  acid  under  favourable  cir- 
^fcmstances,  it  forms  a  hydrous  bisulphate  of  elhenne,  or  sulphovinic  acid. 
^Rie  energy  of  the  alHnity  exercised  by  the  acid  to  the  elements  of  the  al- 
^■Dhol,  is  shown  by  the  elevation  of  the  boiling  point  of  the  mixture;  which 
^■Oave  ascertained  to  be  at  least  250°. 

V  When  the  proportion  of  alcc^ol  is  in  bulk  twice  that  of  the  acid,  the  re- 
^■thing  bisulphate  of  ethcrine,  on  being  subjected  to  heat,  gives  up  a  portion 
^■f  its  etherine  and  water,  so  that  the  monohydrate  of  etherine,  or  hydric 
Hkher  distils.  But  when  the  proportion  of  acid  is  sufficient  to  hold  the 
^prater  and  etherine,  till  the  temperature  reaches  a  certain  elevation,  a  reac- 
Hkn  ensues  between  the  hydrogen  of  part  of  the  etherine,  and  the  oxygen 
Bf  the  acid,  by  which  carbon  is  separated  and  sulphurous  acid  evolved. 
^yhis  acid,  leaving  the  carbon  in  the  retort,  comes  over  in  union  with  the 
B^dric  ether,  and  at  the  same  time  with  a  small  proportion  of  sulphate  of 
Huwrine.  Of  the  liquid  which  comes  over,  if  sufficient  refrigeration  be  em- 
Mlloyed,  full  one-half  by  weight  consists  of  sulphurous  acid,  which  may  be 
I  Tflmoved  by  agitation  with  ammonia  in  an  ice  bath.  When  by  these 
L  means  the  yellow  colour  and  sulfocating  odour  arising  from  the  simiil- 
Umeous  presence  of  sulphurous  acid  and  sulphate  of  etherine  are  removed, 
Hp>e  residiwl  ether,  floating  on  the  ammoniacal  solution,  may  be  separated 
mfnf  a  fiinnel,  and  subjected  to  evaporation  by  means  of  a  water  bath  raised 
Hrredually  to  boiling.  The  sulphate  of  etherine  will  remain  in  the  retort, 
^Enngled  with  an  aqueous  solution  of  sulphuric  or  sulphovinic  acid.  Being 
HieparBted  carefully  from  this  aqueous  solution,  washed  with  a  little  water, 
B)md  extricated  from  the  washings,  it  may  be  depurated  from  uncombined 
HfBoistiire,  mtbor  by  exposure  in  vacuo  over  sulphuric  acid,  or  by  a  heat 
Kibove  312°. 

m  Thus  procured,  sulphate  of  etherine  has  an  unctuous  consistency,  from 
I  which  it  derives  its  usual  name  of  oil  of  nine.  It  is  transparent,  nearly 
l.'CoIourless,  aud  highly  fragront ;  while  its  Taste  is  pungent,  resembling  that 
rof  the  oil  of  peppermint. 

I  fieraeliua  describes  two  oils  of  wine ;  one  as  the  Aeory  oil,  the  other  as 
^tbe  light  oil.  The  former  he  represents  as  aromatic,  and  highly  fln- 
■  voured;  while  the  latter  is  described  as  smelling  unpleasantly.  Accord- 
■ing  to  Thenard,  by  digesting  the  heavy  oil  with  water,  &  light  aromatic  oil 
^JB  obtained;  from  which,  if  kept  in  ice  for  about  24  hours,  a  crystalline 
E  substance  separates,  which  he  designates  as  the  concrtle  oil  of  vnnf. 

V  These  compounds  resemble  those  which  Ilennel  described  eis  resulting 
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from  the  digeation  of  ihe  heavy  oil  with  an  aqueous  solution  of  potuL 
They  were  by  hitn  viewed  as  ihe  ba.se  of  the  oil  of  wiae  freed  from  lul- 
phuric  acid,  which  base  he  cnlled  hydrocarbon.  This  appellatiua  tiu 
bticn  supplanted  by  that  oC  etherine. 

OnL'  of  the  products,  obtained  by  Faraday  from  the  liquid  deposiled  \rj 
carburettcd  hydrogen,  condensed  for  the  purpose  of  gas-tighling,  is  coo- 
sidf^red  as  pure  etherine  by  Thenard  and  Turner.  I  have  obtained  aen- 
ral  liquids  having  the  characteristic  flavour  of  oil  of  wine,  varj-ing  jotoN 
what  in  their  gravity,  and  containing  varioua  proportions  of  sulphuric  ocii 
From  fourteen  grains  of  one  specimen  distilled  from  ammonin,  and  whici 
still  retained  the  odour  and  flavour  of  oil  of  wine,  1  only  could  procure,  bj 
adding  nitrate  of  baryta,  two  grains  of  the  sulphate  of  that  earth.  Four, 
teen  grains  of  another  specimen  yielded,  before  dtslillulion,  its  own  v»g)it 
of  the  same  sulphate;  stler  distillation,  only  nine  grains.  It  would aenm 
cither  that  the  sulphuric  acid  does  not  exist  in  the  heavy  oil  in  a  contuU 
proportion,  or  that  (he  sulphate  of  etherine  described  by  Hcnnel  is  liable 
to  be  mingled  with  etherine  devoid  of  sulphuric  acid.  It  is  so  diiScall  to 
remove  this  acid  entirely,  that  I  was  myself  inducc<d,  in  common  with 
Thenard,  BouUay,  Dumas,  and  many  other  chembis,  to  infer  its  abaetn 
from  pure  oil  of  wine.  Latterly  I  have  distilled  oil  of  wine  from  potossiiiq^j 
and  yet  found  the  resulting  liquid  to  hold  sulphuric  acid  as  an  iagrediodr, 

OF  SULPHUROUS  ETHER. 

Between  sulphurous  acid  and  hydtic  ether,  which  are  the  ingredic 
sulphurous  ether,  an  affinily  exists  resembling  that  between  alcobd  and 
water.  Sulphurous  acid  boils  at  —12',  hjdric  ether  at  98".  The  W^ 
ference  being  1 1U°,  of  course  were  not  the  alBnity  more  euerg< 
these  Huids,  than  between  alcohol  and  water,  of  which  the  boiling  pnu 
difier  only  by  36°,  they  could  not  remain  utiiled  at  ordinary  lempemturei 
The  boiling  point  of  sulphurous  ether  is  lowered  in  proportion  as  the  Mil 
of  ihe  acid  to  the  hydric  ether  is  increased.  When  it  contains  sutphslctf  il 
etherine,  the  temperature  necessary  to  the  ebullition  of  the  aggrt^te,  i« '»  ^ 
versely  as  the  quantity  of  the  sulphurous  acid,  and  directly  as  that  of  Ik 
sulphate  of  etherine,  to  the  quantity  of  the  other  ingrediei 
although  1  have  obtained  sulphurous  ether  which  boiled  at  28' 
cult  with  Ihe  hent  of  a  boiling  water  bath,  to  separate  the  lost  partioe 
this  ether  from  the  sulphate  of  etherine;  and  then  a  port  of  the  '  ' 
distils  with  it. 

I  kept  twenty-six  meaEures  of  the  compound  of  sulphurous  ether 
sulphate  of  ctbermc,  which  I  call  ethereal  sulphurous  mlphale  of  ethtr 
in  a  glass  measure  over  water  for  three  weeks,  without  the  slightest 
ceptible  diminution  of  the  quantity  of  the  former.  By  means  of  a 
-  sectired  by  screws,  about  an  ounce  measure  of  the  volatile  sulphi 
ether  was  kept  in  contact  with  water  for  more  than  six  weeks  withun  »f 
parent  alteration.  Even  when  in  contact  with  ammonia,  the  transfeid 
the  acid  from  the  ether  to  the  alkali  takes  place  slowly,  unless  agitationW 
employed. 


I 


OF  HOFFMANN'S  ANODYNE.  ""^ 

Il  has  been  slated  that  when,  in  the  process  of  elhcrification  above  k   '  **' 
scribed,  the  materials  have  a  certain  ratio  to  each  other,  and  are  expM   Ldli 
to  a  tomporatiire  sufficiently  elevated,  a  liquid  distils  which  consists  ofsi 
phatc  of  etherine,  sulphurous  acid,  and  hydric  elher.     If  to  thiscompouM 
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1  I  have  already  designated  as  the  ethereal  aulphurous  sulphate  of 
therine,  while  refrigerated  by  ice  water,  liquid  amnioiiia,  also  refrigerated, 
e  gradually  added,  and  the  mixture  agitated,  the  ethereal  solution  loses 
alf  its  bulk  and  weight.  The  residual  liquid  which  fioats  upon  the  am- 
loaiacal  solution,  being  sepnrnted  by  a  funnel,  forma,  by  dilution  with 
venty-four  times  its  bulk  of  alcohol,  the  anodyne  liquor  which  1  have 
een  accustomed  to  prepare. 

L.  Statements  and  Suggestions  retpeeting  Hqfftnann'g  Anodyne. 
Bt  appears  to  me  possible  that  the  etficjicy  of  the  anodyne  liquor  above 
Heribcd,  may  be  owing  in  some  degree  to  the  greater  stability  imparted 
r  Iho  ether  by  its  union  with  oil  of  wine.  It  is,  however,  worthy  of 
aquiry  whether  the  oil  of  wine,  prepared  without  the  ether,  would  have 
,ny  peculiar  oificacy.  I  have  the  authority  of  my  late  colleagues  Dr. 
•hysick  and  Dr.  Deweea  for  stating,  that  the  anodyne  liquor  prepared 
Lgrceably  to  my  process,  "  is  highly  useful  in  some  disturbed  stales  of  the 
^slem,  in  tranquilizing,  and  in  disposing  to  sleep." 

It  has  been  mentioned  that  alcohol  containing  sulphate  of  eiberine,  pro- 
hices  a  milky  appearance  with  water,  in  consecjuencc  of  the  precipitation 
>f  the  sulphate  of  etherine,  which  is  insoluble  in  water.  This  Dr.  Pbysick 
had  long  remarked  ns  an  essential  character  of  the  genuine  Hoffmann's 
Uiodyne  liquor.  At  one  period,  there  was  scarcely  any  to  be  found  in  iho 
»bops  of  this  city,  which  possessed  this  characteristic;  but  the  delect, 
baving  been  pointed  out,  has  been  corrected  by  many  of  our  druggists. 

In  the  old  way  of  making  hydric  ether,  a  certain  quantity  of  Hoffmann's 
inodyne  had  always  been  obtained  towards  the  close  of  the  process  {  but 
I  new  process  was  introduced,  agreeably  to  which  an  additional  quantity 
r  bIcoIioI  being  added,  before  the  materials  could  reach  the  stale  of  con- 
sntration  requisite  for  producing  sulphate  of  etherine,  the  anodyne  liquor 
xesed  to  be  a  concomitant  product  of  the  ether.  Hence  a  mixture  of  ether 
ad  alcohol  was  used  as  a  substitute  for  it  botli  in  this  country  and  in 
ranee. 

Agreeably  to  the  formula  for  Hofimann'a  anodyne,  given  in  the  London 
tiarmacopcEia,  two  "  Hui drachms"  of  oil  of  wine  are  to  be  added  to  a 
nt  of  "spirit  of  sulphuric  ether,"  consisting  of  two  parts  of  alcohol  and 
Ke  of  hydric  ether.  This  process  is  preferable  as  respects  precision,  but 
liable  to  the  objection  that  the  oil  is  more  difficult  to  procure  than  the  solu- 
»a  of  it  in  alcohol,  which  may  always  be  generated  towards  the  close  of 
le  old  process  of  ethcrificalion.  I  question  whether  the  presence  of  ether 
k  advantageous  in  all  cases. 

1  regret  that  no  adequate  ciTorls  hove  been  made  to  ascertain  the  medi- 
'  virtues  of  oil  of  wine,  and  how  far  the  admixture  of  hydric  ether 
tend  to  improve  or  impair  its  efRcacy. 

282.  Experxmenlal  Ulnstrations. 

mixture  of  two  parts  of  alcohol  with  one  of  sulphuric 

fi,  by  measure,  being  mixed  and  distilled,  hydric  ether 

iblained:  also,  ethereal  sulphurous  sulphate  of  etherine. 

hjbition  of  the  process  for  Hoffmann's  anodyne  above 
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described:  also  of  the  milky  appearance  arising  fix«n  lu 
admixture  with  water. 

OF  CHLOROHYDRIC  OR  MURIATIC  ETHER. 

Chlorohydric  clhcr  may  be  obtained  by  d'istilltDg  water  with  codoo- 
tnitcd  chlorohydric  acid.  The  disiillation  is  performed  by  means  oft 
glass  retort, communjcaliiig  by  a  lube  with  some  water  at  (he  tempenluK 
of  about  90°  P.,  ia  a  bottle  with  three  orifices.  Through  one  orifiiv,t!be 
tube  proceediag  from  the  relurt  enters,  and  is  luted  air-tighl;  into  Boolte 
critics,  a  lube  of  safety  is  inserted;  from  the  third  oritice  proceeds  anMln 
lube,  bent  twice  at  rigbt  angles,  so  as  to  reach  the  boUom  of  a  long  ournv 
phial  surrounded  with  a  freezing  mirlure,  ibe  orifice  being  nearly,  but  dm 
quite  closed-  The  water  in  the  intermediate  vessel  detains  any  alcohol « 
acid  evolved  with  the  ether,  which,  in  consequence  of  its  greater  volaiililj, 
reaches  and  is  condensed  in  ihc  phial.     See  page  205. 

Chlorohydric  ether  ia  very  volatile,  being  a  permanently  aeriform  Auid 
above  the  temperature  of  70°.  When  poured  upon  the  hand  it  boils,  ud 
produces  a  sensation  of  cold.  In  smell  it  resembles  sulphuric  ether,  ll 
has  a  sweet  taste.  Its  specific  gravity  is  to  that  of  water,  as  874  to  lOOlL 
When  passed  through  an  ignited  tube,  il  is  resolved  into  equal  rolurosi 
olefiant  and  chlorohydric  acid  gas.  It  consists  of  one  volunto  of  etheno 
and  two  volumes  of  acid. 

OF  lODOETYDRIC  AND  BROMOHYDRIC  ETHER. 

lodohydric  ether  was  generated  by  Gay-Lussac,  by  distilling  iodobyiiiici 
acid  with  alcohol.  It  is  much  heavier  than  water,  being  of  a  Rpecilir  ^ttr 
vity  of  1.9206  at  72°  P.  It  bolls  at  148°.  Its  smell  \s  analogous  to  ll4 
of  the  other  ethers.  By  keeping  it  disengages  iodine,  and  acquires  a  n*' 
red  colour. 

With  bromohydric  acid,  on  ether  may  be  fornted  analogous  to  tboK 
produced  with  iodohydric  and  chlorohydric  acid. 

OP  THE  ETHEREAL  COMPOUNDS  OF  ETHERINE  WITH 
HALOGEN  BODIES. 

Under  the  name  of  bicblorine  ether,  the  compound  formed  by  the  imii: 
of  olefiant  ^os  and  chlorine  is  mentioned  at  page  291.     It  appeaniha, 
there  are  other  compounds  of  chlorine  with  carbon  and  hydrogen,  of  wl* ' 
an  account  is  subjoined.     In  what  form  the  carbohydrogen  exists  "     ' 
is  still  doubtful.     See  earbohydrogen,  page  266. 

Of  these   compounds,    one  hos  been  known  heretofore  as  chloric 
"  heavy  muriatic  ether,"  being  obtained  by  the  reaciion  of  chlorine 
alcohol.     It  may  be  called  protochlorine  ether. 

This  ether  is  a  liquid  of  an  oleaginous  consistency,  an  a^re^able 
and  a  sharp  taste.  It  consists  of  one  atom  of  ctherine,  and  one  a 
line. 

Bicklorine  ether,  generally  called  chloric  other,  is  alluded  to  at 
291,  as  formed  by  the  reaction  of  chlorine  with  olefiant   gas.     It 
colourless,  oily  looking  liquid,  with  a  peculiar  odour,  and  u.  sweet  arotoMi 
taste. 

Perchlorine  ether  was  obtained  by  distilling  alcohol   from  chloride 
lime,  J)y  Mr.  Guthrie,  of  Sacket's  Harbour,  New  York,  who,  bown«J 
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supposed  it  to  be  idcDtical  with  the  ether  last  described.  Not  long  after- 
wards,  without  any  knowledge  of  the  experiments  of  Guthrie,  it  waa  pro- 
cured by  Soubciran  in  France,  and  alleged  to  be  a  compound  of  one  atom 
ofetheriDe,  and  four  of  chlorine.  Dumas,  however,  slatea  its  composition 
to  be,  one  atom  of  bicarburet  of  hydrogen,  and  three  of  chlorine. 

Perchlorine  ether  is  a  volatile  liquid,  of  an  agreeable  odour,  and  a  sweet- 
ish aromatic  taste.  Both  this  and  bichlorine  ether  have  been  advanta- 
geously employed  in  medicine.  " 

Bromine  and  iodine  also  combine  with  carbohydrogen,  probably  in  the 
state  of  etherinc.  The  resultmg  compounds  have  qualities  in  some  re- 
elects analogous  to  the  chlorine  ethers,  but  that  forntcd  by  iodine  is  a 
pulverulent  solid.  Both  bromine  and  iodine  ether  arc  produced  by  the 
leaction  of  these  halogen  elements  with  olefiant  gas.  That  formed  with 
iodine  is  generated  by  the  aid  of  the  solar  rays. 

OF  NITRIC  ETUER.* 

This  ether  may  be  obtained  in  a  diluted  state,  by  dis- 
tilling alcohol  with  diluted  nitric  acid,  or  with  nitre  and 
Bulphnric  acid.  When  sulphuric  acid  is  used,  the  product 
is  liable  to  consist  in  part  of  sulphuric  ether. 

Thenard  informs  us  that  to  obtain  pure  nhric  ether, 
equal  parts  of  alcohol,  and  of  the  nitric  acid  of  commerce, 
may  be  mi,\cd  and  distilled  with  great  caution,  the  pro- 
duct being  passed  into  a  scries  of  Woulfe's  bottles,  the 
first  empty,  the  others  half  filled  with  brine,  and  surrounded 
by  a  freezing  mixture.  As  soon  as  the  reaction  com- 
mences, it  increases  rapidly,  so  that  it  is  necessary  to 
check  it  by  cooling  the  retort. 

1  subjoin  an  engraving  and  description  of  an  apparatus 
which  1  have  contrived  for  generating  nitric  ether. 

I  am  of  opinion  that  it  would  be  advantageous,  if  the 
prescriptions  of  our  physicians  were  made  with  reference 
to  ingredients  of  a  high  degree  of  purity.  The  physician 
ahould  know  how  much  real  nitric  or  sulphuric  ether  is 
€K»ntained  in  the  diluted  article  which  he  directs  his  pa- 
tient to  use-  Hence  pure  nitric  or  sulphuric  ether  should 
be  prescribed,  adding  as  much  alcohol  or  water  as  he  may 
deem  necessary.  Agreeably  to  the  present  practice,  it  is 
in  the  jMwer  of  manufacturing  chemists  to  impoverish 
ethereal  preparations  with  little  danger  of  detection. 

Pursuant  to  the  London  Pharmacopceia,  three  ounces 
of  nitric  acid,  by  distillation  with  a  quart  of  alcohol,  are 
allowed  to  produce  twenty-four  fluidouuces  of  sweet  spi- 
rit of  nitre.    According  to  Thenard,  the  quantity  of  ether, 

n  of  this  elher  being  unietlled,  1  adheie  to  th&t  generftll^r 
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when  the  materials  are  in  the  ratio  of  equality, 
to  two-thirds  of  the  weight  of  the  acid.  Hence  it  is  m» 
bable  that  the  quantity  of  ether  in  the  tw^cnty-four  ninl 
ounces  of  sweet  spirit  of  nitre,  obtained  as  aboveiiK» 
lioned,  is  not  more  than  two  ounces. 

I  infer  that  sweet  spirit  of  nitre  of  a  more  unifina 
strength,  would  be  obtained  by  the  addition  of  alcohol  ts 
pure  nitric  ether,  to  an  extent  no  more  than  adequate  It 
render  it  soluble  in  water;  and  then  adding  water  to  4( 
alcoholic  solution,  until  the  ether  should  fomi  only  a  tweltt 
of  the  aggregate.  In  a  preparation  thus  made,  the  p> 
perties  of  the  ether  would  not  be  unnecessarily  associatei 
with  those  of  alcohol,  as  in  the  usual  officinal  prepan- 
tion. 

283.  Procest  for  Spirit  of  Nitrir  Etker,  or  Swret  Spirit  of  NUrt,  If 
Means  of  an  apjiroved  Apparatus.* 


The  reacllon  o{ nitric  aciil  nitli  slcohnt  ia  bo  difficult  to  re^ utnle,  in  Ui« ar£i 
odo  of  msking  nitric  ether,  in  which  the  whole  of  the  mitennls  »re  minglvd  «1 
itacl  uFtlie  procsBs,  that  1  wax  induced,  about  twelve  or  fifteea  yeua  ago,  tool 

■  See  TranBiclioua  of  tha  American  Philosophical  Society,  vol.  5,  nen  ••ri» 
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n  Kppuatni,  in  which  thej  were  graduallj  added  together  within  s  glus 
.  by  meana  orelasa  funneli  with  glaee  cocju, 
Sabsequently  1  adopted  the  mora  eimple  nppnialui  repreBciited  in  the  preceding 

Providing  a  bottle  with  three  tubuliiras,  let  one  tnbulure  communicnte.  by  means 
of  a  recurved  tube  A,  with  another  tube  passing  perpendicularlj  through  an  open- 

capving  a  suitable  veseoi  B  B.  The  cavity  of  tlio  receiver  should  likewiae  be  occu- 
picd  by  a  freoiing  mixture. 

Into  each  of  Lud  remaining  lubulurca  let  a  glasa  tube  bo  iotioduced,  ground  or 
baled  to  fit  air-tight,  and  tapering  ao  aa  to  termitiate  in  a  capillary  orifice  near  the 
bottom  of  (lie  bottle. 

Thiough  one  of  the  tubes  introduce  aa  much  alcahol  as  mill  cover  the  bottom  of 
tho  botlle;  and  then,  by  moaog  of  the  other  tube,  introduce  aa  much  strung  nitric 
■i^d  aa  will  cause  an  ettBrieacence.  Sbould  the  effervesceDce  threaten  lo  become 
BXplosive,  the  reaction  may  be  checked  by  the  further  addition  of  alcohol;  and 
wben  the  reaction  appeara  to  decline  too  much,  it  may  be  re-excited  by  an  additional 
quantity  of  acid.  By  those  moana,  without  applyingheal,  a  quantity  of  nitric  ether 
will  soon  bo  condensed  in  the  rarrigeraled  bollle.  To  couTort  this  ether  iulo  a  li- 
quid, fully  equal  to  the  officinal  iweet  spirit  of  nitre,  let  it  be  mingled  with  seven 
parts  of  alcohol,  and  four  of  water. 

The  colder  the  freezing  mixture,  the  greater  will  be  the  product;  yot  more  or  leas 


liquor  ia  depo9ite< 
fully  separated. 


D  or  tlic  sulphovinales  with  the  bisulphide  or  the  sulphy- 
drale  of  barium,  Zeisse  has  obtained  two  volatile  liquids,  one  of  which  he 
calls  ikialic  ether,  Ihe  olher  mcrcaptan  (from  corpus  mL'reurium  captans) 
on  Bccouni  of  its  singularly  energetic  reaction  with  the  bioxide  and  bichlo- 
ride of  mercury.  Mercapfan  appears  to  consbt  of  one  atom  of  elherine, 
and  two  atoms  ofsulphydric  acid.  In  reacting  with  the  bioxide  or  bichio' 
ride  of  mercury,  yielding  an  aiom  of  hyJrogen,  and  receiving  an  atom  of 
metal,  it  is  converted  into  a  compound,  called  by  Zeisse  a  mtrcaplide,  and 
whicb  19  considered  by  him  as  consisting  of  mercaplum,  a  principle  which 
has  never  been  isolated,  and  the  metal.  Mercaplum  is  capable  of  com- 
bining with  other  melaja,  gold  and  platinum  for  instance.  The  resulting 
combinations  are  called  by  their  discoverer  mcrcoptides. 

Mercaplan  consists  of  OH'S",  and  is  consequently  equivalent  to  C*H' 
+2HS. 

Il  appears  to  me  that  there  is  ihis  analogy  between  mercaptan,  alcohol, 
and  sulphovioic  acid,  that  each  consists  of  etherine  united  to  two  atoms  of 
an  appropriate  acid.  Alcohol  is  a  bihydraie,  sulphovinic  acid  a  bi.siilphate, 
and  mercaptan  a  bisulphydrale  of  etherine.  When  mercaplan  reacts  with 
a  metallic  oxide,  one  atom  of  its  hydrogen  forms  water  with  Ihe  oxygen; 
while  an  atom  nf  its  sulphur  converts  the  metal  into  u  sulphobase.  Con- 
seqtiently,  the  formula  of  the  mercaptide  of  mercury  should  be  HgS-J- 
C*H*+HS,  which  would  make  it  equivalent  lo  a  aulphydrale  of  etherine 
and  mercury. 

This  explanation  is  consistent  with  that  given  by  Zeisse,  but  il  appears 
to  me  that  in  reacting  with  the  bioxide  or  bichloride  of  mercury,  two  atoms 
of  mert^ptan  must  be  decomposed,  and  a  compound  formed,  represented 
in  composition  by  the  following  formula:  HgS'+2E-t-2HS. 

Mercaptan  is  a  colourless  clhoreal  liquid,  with  a  peculiarly  penetrating 
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odour,  and  a  sweet  ethereal  taste.    Its  specific  gravity  is  0.843,  snl  ki 
boiling  point  is  about  144°. 

By  its  properties  and  composition,  independently  of  its  reaction  wi& 
metals,  it  seems  entitled  to  be  classed  with  the  other  ethereal  compouods 
of  etherine,  as  bindphydric  ether. 

OF  SOME  ADDITIONAL  COMPOUNDS  OF  ETHERINE. 

It  has  been  already  stated  that  etherine  forms  two  compounds  with  sol* 
phuric  acid,  the  oil  of  wine  of  Hcnnel,  or  sulphate  of  etherine,  and  sulj^ 
vinic  acid*  Magnus  alleges  that  he  has  formed  two  tfcids,  which  difier  in 
cgmposition  from  sulphovinic  acid  in  containing  an  atom  less  of  water,  bot 
are  isomeric  with  each  other.  One  of  the  acids  in  question  was  formed 
by  the  addition  of  anhydrous  sulphuric  acid  to  alcohol. 

A  liquid,  identical  in  properties  with  sulphuric  ether,  is  formed  by  the 
I'eaction  of  phosphoric  acid  with  alcohol.  Pelouze  has  ascertained  tint 
during  this  process  an  acid  analogous  to  the  sulphovinic  is  produced,  wlud 
he  calls  f^otphominc. 

Dumas  and  Boullay  have  ascertained  that  by  passing  a  current  of  aiD< 
moniacal  gas  through  oxalic  ether,  an  acid  is  produced,  which  unites  with 
the  ammonia.     To  this  acid  they  have  given  the  name  of  oxalcvime, 

TABLE  OF  THE  COMPOSITION  OF  THE  COMPOUNDS  OP 

ETHERINE. 

ITAMfS.  rORMVLA. 

Etherine »  4C+4H=:E. 

Sulphuric  ether =  E+H.* 

Alcohol  =  E+2H. 

•••     • 
Sulphate  of  etherine,  (oil  of  wine)        .         .         .     =  2E+2S+H. 

Sulpho-  i  According  to  Berzelius         .         .         .     =  E+2S+H. 

vinic  < 

acid.  (  According  to  Magnus  .         .         .     =  E+2S+2H. 

Two  isomeric  sulphovinic  acids  discovered  by 


Magnus  '  i         =  E+2S+H. 


••••• 


Phospho-  C  According  to  Pelouze         .         .         .     =  E-fP+2H. 

vinic  <  j^    . 

acid,  (  According  to  Liebig  .         .         .     =  E+P*+H. 

••• 
Oxalovinic  acid,  probably  .         .         .         .     sa  E+2C.f 

Nitric  etherj ==  E+N-fH. 

*  The  student  is  reminded  that  each  dot  over  a  symbol  signifies  an  atom  of  oij- 
•  •••  •••  ^.^ 

gen.     Hence  H  stands  for  water,  S  for  sulphuric  acid,  N  for  hyponitrons  acid,P 

for  phosphoric  acid;  the  dash  under  the  letter,  representing  a  doable  atom  of  plm- 

phorus,  the  five  dots  over  it,  five  atoms  of  oxygen. 

t  Dumas  and  Boullay,  the  discoverers  of  this  acid,  do  not  seem  to  have  lsce^ 
tained  the  quantity  of  water  which  it  contains. 

t  More  properly  hyponitrous  ether. 
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Ozychlorocarbonic  ether  .        .        .        .     s=s  E+C*C10'+H. 

•••      • 

Oxalic  ether  ■■  E+C+H. 

Benzoio  ether —  E+Bz+H.* 

Acetic  ether « E+A+H.f 

Formic  ether  =■  E+F+H. 

Otoaric  ether -  E+T+H. 

Citric  ether      .        .        .        .        •        .        •  -E+C+H. 

Malic  ether =  E+il+H. 

,  Ptotochlorine  ether =  E+Cl. 

BicUorine  ether —  E+2CI. 

Perchlorine  ether      • —  E+4C1. 

Sulphocyaoic  ether,  probahly     •        .         .        .  n  B+SHD'N. 

Chlorohydric  ether  «  E+HCl. 

lodohydric  ether  •        .        .        .        •  » E+HI. 

Bromohydric  ether  «  E+HBr. 

Mercaptan  »  E+2HS. 

OF  PYROACETIC  SPIRIT- 

During  the  distillation  of  acetic  acid  from  the  acetates,  they  are  partially 
resolved  into  a  carbonate  which  remains  in  the  retort,  and  a  limpid,  vola- 
tile, inflammable  liquid,  called  pyroacetic  spirit. 

The  formula  of  acetic  add  being C^H'O*, 

deducting  that  of  carbonic  acid  C      O*, 

we  get  the  liquid  in  question,  of  which  the  formula  is     .     •     .     C'H'O. 

OF  PYROXYLIC  SPIRIT. 

Allusion  has  been  made  at  page  286  to  mytheliney  as  one  of  the  varie- 
ties of  the  group,  designated  by  the  common  epithet  ot  carhohydrogeru  It 
was  stated  to  have  been  elaborated  from  a  volatile  liquid  called  pyroxylic 
tpirity  now  alleged  to  be  a  bihydrate  of  mytheline.  Hence  this  spirit  bears 
the  same  relation  to  mytheline,  as  alcohol  to  etherine.  It  was  consequently 
conjectured  that  by  processes  analogous  to  those  employed  to  produce  etben 
having  etfaerine  for  a  base,  analogous  ethereal  compounds,  having  mythe* 
line  for  a  base,  might  be  produced.  This  conjecture  has  been  verified  to 
a  great  extent;  but  the  limits  of  this  work  do  not  admit  of  my  giving  the 
details. 

*  Bz  hai  been  aMamed  aa  the  aymbol  for  henxuUf  the  radical  of  benzonie  aeid. 
Hence  B%  with  a  dot  oTer  it,  ia  the  armbol  of  benzoic  acid. 

t  It  will  be  seen  that,  foUowinf  the  plan  of  Berzelioa,  I  have  adopted  the  initial 
letter  witha  daah  aver  it,  aa  the  ayaJM  for  each  of  the  vegetable  acida. 
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SECTION  XL 
OF  THE  ACETOUS  FERMENTATION. 

It  sis  well  known  that  liquors  produced  by  the  vinous 
fermentation,  are  liable  to  acidity,  in  consequence  of  the 

fresence  of  an  acid  spontaneously  generated,  and  of  which 
have  already  treated,  page  451,  imder  the  name  of  acetic 
acid.  When  thus  originating  it  forms  the  acid  of  the 
well  known  liquid  called  vinegar  in  commerce,  from  the 
French  vinaigre,  sour  wine.  The  process  during  which 
vinous  liquids  are  spontaneously  converted  into  vinegar  is 
called  the  acetous  fermentation.  It  was  probably  in  thb 
form  that  acidity  nrst  attracted  human  observation ;  and 
hence  the  name  of  the  principle  to  whose  presence  it  was 
due,  has'  been  extended  to  a  class,  of  which  some  of  the 
members  differ  from  it  extremely. 

The  acetous  fermentation,  as  well  as  the  vinous,  ap- 
pears to  be  promoted  by  a  peculiar  ferment,  vulgarly  call- 
ed the  mother  of  vinegar.  Usually  the  acetous  terroenta- 
tion  follows  the  vinous,  but  yet  occasionally  supersedes  this 
process.  When  distillers  are  not  careful  to  preserve  their 
mashing  vessels  free  from  sour  matter,  left  from  previous 
operations,  it  is  well  known  that  their  wash  becomes  sour, 
and  that  the  product  in  alcohol  is  proportionably  lessened. 
Vegetable  infusions  often  become  sour,  when  there  has 
been  no  intervening  indication  of  the  vinous  fermentation. 

Alcohol,  per  se,  is  not  liable  to  be  acidified,  but,  with 
the  addition  of  water  and  fermentable  matter,  may  be 
converted  into  vinegar. 

It  is  alleged  that  the  strongest  liquors  make  the  strong- 
est vinegars. 

The  vinegars  of  commerce  vary  with  the  liquors  from 
which  they  have  been  procured,  in  almost  every  other  re- 
spect excepting  their  acid,  which,  when  separated  by  dis- 
tillation, always  forms  the  pure  diluted  acetic  acid,  known 
in  pharmacy  as  distilled  vinegar.  This  is  a  very  improper 
name;  as  vinegar  is  actually  decomposed  by  the  process 
of  distillation. 


p 


ANIMAL  SUBSTANCES. 


OF  AMMAl,  SUBSTANCES. 

Ultimate  analysis,  in  the  case  of  animal  as  well  as  in 
that  of  vegetable  matter,  has  a  tendency  to  confound  sub- 
stances extremely  different  in  their  nature.  Hydrogen, 
oxygen,  carbon,  and  nitrogen  are  the  elements  of  the 
most  nutritive  and  the  most  poisonous  animal  principles; 
of  the  milk  of  the  cow,  and  the  venom  of  the  viper.  Our 
wonder  on  observing  this  similitude  in  the  composition 
of  substances,  in  their  nature  so  discordant,  is,  however, 
increased,  when  we  learn  that  the  carbonization  of  our 
own  blood,  in  contact  with  an  alkali,  may  be  productive 
of  a  principle,  which  united  to  one  of  the  elements  of 
water,  forms  the  deadly  prussic  acid. 

It  would  seem,  whatever  may  be  the  rationale,  as  if  there 
were  an  analogy  between  the  effects  of  an  animal  gland, 
and  the  Voltaic  circuit.  Within  the  influence  of  either, 
the  affinities  which  prevail  under  ordinary  circumstances, 
give  place  to  others  which  are  productive  of  new  combi- 
nations. This  demonstrates  that,  although  all  matter  may 
invariably  exercise  attraction  of  gravitation,  yet  the  elec- 
tive affinity  which  gives  rise  to  changes  both  within  and 
without  the  precincts  of  vitality,  may  be  adventitious,  and 
dependent  on  occult  and  complicated  contingencies. 

By  the  digits,  by  the  eight  notes  in  music,  or  by  a  few 
beads  in  the  kaleidoscope,  an  almost  infinite  variety  of 
combinations  may  be  produced,  each  affecting  the  senses 
differently.  It  cannot  then  be  surprising  that  conse- 
quences, no  less  various,  should,  in  the  case  of  the  vege- 
table and  animal  creation,  arise  from  a  limited  number  of 
elementary  principles. 

r  Effects  of  Ignition  on  Animal  Mnlter. 

'  The  only  difference  between  the  results  of  the  destruc- 
tive ignition  of  animal  and  vegetable  matter,  is  that  the 
prevalence  of  nitrogen  in  the  former,  renders  this  sub- 
stance, or  its  combiuations  in  ammonia  or  prussic  acid, 
the  frequent  products  of  the  decomposition  of  animal  sub- 
stances; and  that  the  cliarry  residuum  of  this  decompo- 
sition is  much  more  difficult  to  incinerate- 
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Peculiarities  tn  the  Composition  of  Animal  Matter. 
In  the  state  of  subphosphate  of  lime,  bones  contain  a 
larger  proportion  of  calcium  and  phosphorus,  than  esisls 
in  any  vegetable  product:  and  sulphur  is  evolved  lar 
more  copiously  during  the  spontaneous  decomposition  of 
flesh,  than  from  vegetable  matter  under  the  same  circum- 
Btances.  Ptence  the  smell  of  sulphydric  acid  attendant  on 
animal  putrefaction. 

PROXIMATE  ANIMAL  SUBSTANCES. 
Animal  substances  may  be  conveniently  arranged  under 
the  four  following  heads:  1.  Substances  which  are  neUlwr 
resinous,  oily,  nor  acid;  2.  Anivial  resins  ;  3.  Animal  oils  or 
/ats;  4.  Animal  acids. 


OF  ANIMAL  SUBSTANCES,  WHICH  ARE  NEITHER 
RESINOUS,  OILY,  NOR  ACID. 


Fibrin  exists  in  chyle  and  in  blood,  and  forms  the  prin- 
cipal part  of  muscular  flesh.  It  is,  therefore,  the  most 
abundant  animal  substance. 

To  obtain  fibrin,  Thenard  advises  that  blood,  as  il 
flows  from  a  vein,  should  be  beaten  with  a  handful  of 
birch  twigs.  Each  of  these  vrill  become  loaded  wiUi  a 
number  of  long  red  filaments,  which,  by  washing  in  coW 
water,  are  whitened  and  purified. 

Fibrin  is  solid,  white,  insipid,  inodorous,  heavier  tUaB 
water,  neither  acid  nor  alkaline,  while  wet,  elastic,  when 
dry,  hard  and  brittle,  becoming  of  a  yellowish  hue.     In 

»its  natural  state,  it  contains  four-fifths  of  its  weight  of 
water.  By  distillation,  it  yields  much  carbonate  of  am- 
monia, and  a  very  bulky  aliining  charcoal,  which  it  ie  dif- 
ficult to  burn;  but  which,  being  burnt,  leaves  a  residuum 
of  the  phosphates  of  lime  and  magnesia,  and  of  the  car- 
bonates of  lime  and  soda.  Exposed  in  an  open  vessel  to 
the  action  of  water,  occasionally  renewed,  fibrin  putrefies, 
leaving  more  or  less  residue,  accordingly  as  it  may  haw 
been  more  or  less  interlarded  with  fat. 

m- J 


With  respect  to  the  action  of  the  acids  and  alkalies 
upon  fibrin,  it  may  be  sufEcient  to  mention  that,  in  gene- 
ral, it  is  decompoHed  by  them,  when  they  are  concen- 
trated, and  dissolved  by  them,  wlien  dilute.  Nitric  acid, 
however,  even  when  dilute,  decomposes  fibrin,  causing  it 
to  yield  nitrogen  gas. 

The  action  of  concentrated  sulphuric  acid  uj>on  fibrin, 
deserves  particular  notice.  When  fibrin  is  subjected  to 
its  own  weight  of  this  acid,  a  perfect  solution  ensues,  un- 
accompanied by  the  estrication  of  sulphurous  acid.  The 
solution,  thus  obtained,  being  diluted  with  water,  boiled 
nine  hours,  and  the  acid  saturated  with  chalk,  aifurds  a 
liquid,  which,  by  filtration  and  evaporation,  yields  a  pecu- 
liar white  matter,  which  the  discoverer,  Mr.  Braconnot, 
has  named  leucin,  from  a<wu>4,  white. 
^       The  symbolic  formula  for  fibrin,  is  C"H"0*N". 

OF  ALBUMEN. 

Albumen,  though  not  entering  so  largely  as  fibrin  into 
the  animal  organization,  is  more  extensively  distributed 
throughout  it.  United  in  various  proportions  with  water, 
and  with  minute  portions  of  saline  matter,  it  constitutes 
the  whites  of  eggs,  whence  its  name,  the  serum  of  tlie 
blood,  the  bquor  of  the  [wricardiuin,  and  that  evolved  in 
drops}',  or  by  blisters.  It  is  also  an  ingredient  in  chyle, 
and  probably,  more  or  less,  in  all  the  animal  fluids. 

According  to  Berzelius,  however,  there  is  a  difference 
between  the  properties  of  albumen,  as  existing  in  the  se- 
rum of  the  blood,  and  in  the  white  of  eggs. 

Albumen  is  capable  of  existing  both  as  a  solid  and  as  a 
liquid,  being  convertible  from  the  latter  into  the  former 
state  by  heat.  The  habitudes  of  solid  albimien  with 
acids  or  fire,  are  very  similar  to  those  of  fibrin. 

Solid  albumen  is  not  soluble  in  water;  hence,  to  procure 
it  liquid,  recourse  must  be  had  to  it  in  its  natural  state 
of  liquidity.  In  this  form,  it  is  sufficiently  alkaline  to  af- 
fect tests.  Its  obvious  properties  are  universally  known, 
as  seen  in  the  white  of  eggs.  Expow^d  in  the  Voltaic  cir- 
cuit, it  coagulates  about  the  wire  proceeding  from  tlie  po- 
sitive pole. 

The  phenomenon  of  the  coagulation  of  albumen  by  heat, 
is  not  well  explained.  As  the  addition  of  an  alkali  cauBes 
it  to  re-dissolve,  Dr.  Thoiason  suipects  Us  tluidity  lo  be 
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due  to  tlie  preseuce  of  soda.  Were  his  conjecture  correct, 
cold  water  ou^ht  to  coagulate  it,  and  heat  could  not, 
unless  the  alkali  were  volatile. 

Albumen  Ibrms  insoluble  compounds  with  most  of  the 
acids.  Hence  a  very  minute  quantity  of  it  disseminatw) 
in  water,  may  be  detected  by  nitric  acid.  Neither  ace- 
tic nor  phosphoric  acid  have  this  effect;  but  paraphos- 
phoric  acid  immediately  coagulates  albumen.  Hence  this 
substance  is  an  excellent  test  to  discriminate  between  the 
two  last  mentioned  acids.  Albumen  is  precipitated  from 
blood  by  acids,  and  the  precipitate  redissolves  on  adding 
ammonia. 

Albumen  precipitates  nearly  all  the  oxides,  chlorides, 
and  iodides  of  the  metals  proper  from  their  solutions,  and, 
agreeably  to  analysis  made  by  Rose,  the  metals  exist  ia 
the  precipitate  in  the  state  of  oxide.  As  these  precipitates 
are  almost  destitute  of  action  on  the  animal  system,  al- 
bumen has  been  suggested  as  an  antidote  for  metallic 
poisons. 

Albumen  is  an  excellent  test,  and  likewise  the  best  an- 
tidote for  corrosive  sublimate.  Ferrocyanuret  of  potas- 
sium is,  according  to  Turner,  as  good  a  test  for  albumen 
as  corrosive  sublimate,  if  not  better;  provided  acetic  add 
be  added  to  neutralize  any  alkali. 

Albumen  is  coagulated  by  alcohol,  and  precipitated  by 
tannin.  It  is  of  great  use  in  clarifying  syrups.  By  mil- 
ing  with  them  while  viscid,  it  envelops  any  feculent  mat- 
ter with  which  it  may  come  in  contact;  and  the  union 
continues  until  coagulation  ensues,  and  renders  it  easy  lo 
effect  a  removal  of  the  coagulu'm.  It  clarifies  wine  in  like 
manner,  excepting  that  the  coagulation  results  in  this  case 
from  the  presence  of  alcohol. 

As  obtained  from  blood  or  eggs,  albumen  forms  a  very 
tenacious  lute  by  admixture  with  hydrate  of  lime. 

The  formula,  representing  the  composition  of  albumen, 
is,  according  to  the  analysis  of  Gay-Lussac  and  The- 
nard,  C"H'''(yN',   while  that  of  Prout  would   make  it 

284.  Experimental  Illustrations. 
In  different  vessels,  corrosive  sublimate  and   albumen 
are  dissolved  in  water.     The  contents  of  the  vessels  being 
mingled,  a  precipitate  appears. 


OF  GELATIN, 

Gelatin,  agreeably  to  Theuard,  never  makes  a  part  of 
the  animal  humours,  though  solid  gelatin  is  to  be  found 
in  muscle,  skin,  cartilages,  tendons,  and  aponeuroses. 
The  membranes  yield  a  great  quantity,  the  bones  abotit 
one-third  of  their  weight. 

According  to  Berzelius,  gelatin  never  exists  ready  form- 
ed in  the  bodies  of  animals,  but  is  produced  during  the 
exposure  to  heat  and  water  which  is  generally  employed 
to  obtain  it.  He  stiites  that  this  conversion  takes  place 
■without  any  perceptible  escape  of  gas,  and  may  be  effected 
in  close,  as  well  as  in  open  vessels.  The  nature  of  the 
reaction  does  not  appear  to  be  understood. 

It  is  alleged  by  the  same  author  that,  when  a  solution 
of  gelatin  is  kept  for  some  time  at  a  little  below  the  boil- 
ing point,  it  gradually  loses  tlie  property  of  forming  a 
jelly  by  refrigeration. 

Gelatin  displays  no  acidity,  nor  docs  it,  like  albumen, 
show  any  trace  of  an  alkali.  It  is  heavier  than  water, 
tasteless,  colourless,  and  inodorous;  and  its  ullimnte  ele- 
ments, resulting  from  igneous  analysis,  are  the  same  as 
those  of  albumen  and  fibrin.  In  its  habitudes  with  water 
it  differs  from  albumen,  being  very  soluble  in  boiling  water, 
and  difficult  to  dissolve  in  cold  water.  One  part,  dis- 
solved in  one  hundred  of  boiUng  water,  stiffens  completely 
on  coohng,  and  one  part,  witn  one  hundred  and  fifty  of 
boiling  water,  becomes  gelatinous  as  it  cools. 

Several  of  the  salts  and  acids  have  the  property  of  pre- 
cipitating gelatin,  but  not  so  unequivocally  as  to  be  good 
tests  of  its  presence.  It  is  much  more  soluble  in  acetic 
acid  than  in  water.  It  is  partially  precipitated  by  alco- 
hol, and  totally  by  tannic  acid.  Alcohol  precipitates  it 
by  taking  away  water;  tannic  acid,  by  forming  an  insolu- 
ble substance  analogous  to  leather. 

Chlorine  also  produces,  with  gelatin,  a  flocky  precipi- 
tate. 

Gelatin  is  not  acted  on  by  alcohol,  oils,  or  ether. 

By  a  process  similar  to  that  in  which  leucin  was  evolved 
from  fibrin,  Braconnot  obtained  from  gelatin,  a  peculiar 
crj^stallizable  sugar,  which  resembles  grape  sugar,  and 
yet  is  not  susceptible  of  the  vinous  fermentation.  It  dif- 
fers from  common  grape  sugar  also,  in  affording  ammo- 
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Ilia  by  destructive  distillation,  which  demonstrates  that 
nitrogen  is  among  its  constituents. 

Gelatin,  in  the  Ibrin  of  joiner's  glue,  is  inanuiactured 
for  the  purposes  of  the  arts,  from  the  clippings  of  skins, 
and  from  the  ears  of  animals  butchered  for  the  market 
These  substances,  being  freed  from  hair  and  oil,  and 
boiled  for  a  long  time,  yield  a  solution  of  glue;  which, 
when  sufficiently  concentrated  by  ebulhtion,  hardens  as  it 
cools. 

The  gelatin  of  bones  may  be  obtained  by  the  solrent 
power  of  water  when  esalted  by  heat  and  pressure,  as  in 
the  celebrated  digester  of  Papin.  Or,  the  phosphate  rf 
lime  l>eing  removed  by  chlorohydric  acid,  the  gelatin  be- 
comes  soluble  in  boilhig  water. 

Ichthyocolla,  or  isinglass,  is  obtained  from  the  air  blad- 
der of  a  species  of  sturgeon;  and  inferior  kinds,  from 
otiier  parts  of  the  same  or  of  other  fishes.  It  is  the  finest 
specimen  of  glue  or  gelatin.  The  glue  from  bones  is 
alleged  by  Thenard  to  be  the  next  best  in  quality,  and  is 
now  prepared  extensively  m  France. 

Gelatin  is  the  principal  ingredient  in  soup.  Hence,  by 
evaporation,  soup  may  be  reduced  to  the  consistence  of 
a  glue,  which  comprises,  within  a  very  small  space,  the 
materials  for  regenerating,  with  the  aid  of  hot  water,  the 
soup  from  which  it  was  obtained.  In  the  indurated  state 
to  which  I  have  alluded,  gelatin  has  been  sold  under  the 
name  of  portable  soup.  CalPs  foot  jelly  consists  princi- 
pally of  gelatin. 

Agreeably  to  the  analysis  of  Gay-Lussac  atid  Thenatd, 
the  composition  of  gelatin  differs  from  that  of  albiimeii. 
in  containing  about  five  per  cent,  less  carbon,  and  be- 
tween three  and  four  per  cent,  more  o.\ygen. 

285.   Experimental  Ilhistralion. 
A  solution  of  tannic  acid  being  poured  into  a  solution 
of  glue  or  ichthyocolla,  a  precipitation  ensues- 

OF  CASEUM. 
This  appellation  has  been  given  by  Braconnol  lo  the  curd  obtained  frcffl 
milk  by  ihc  rennel,  which  appears  dislioct  in  its  propertieB  from  nny  oiliB 
animal  subataoce. 

Agreeably  lo  the  observations  of  Proust,  caseum  is  capable  of  unJe^ 
1^  species  of  fermentation,  by  which  it  is  partially  converted  into  two 
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mbatancee,  which  he  deslgnatea  as  caseous  oxide  and  caseoug  acid,  and 
to  which  ho  ascribes  the  agreeable  llavour  of  cheese,  when  sufficiciuly  old. 

Caseous  oxido  and  caseous  acid  were  also  supposed  lo  be  produced  by 
tbe  fermcnlatkin  cf  gluten. 

According  to  Braconnot,  ihe  insolubility  of  caseum  in  the  state  in  which 
it  is  generally  known,  is  dependent  on  ihe  presence  of  some  foreign  body, 
generally  an  acid  or  earthy  substance.  As  it  exisls  in  cheese,  it  is  com- 
bined with  acetic  and  lactic  acid.  From  these  acids  it  may  be  separated  by 
boiling  the  cheese  in  water,  and  adding  a  solution  of  bicarbonate  of  potash 
lo  the  coagulated  mass,  which  is  not  taken  up  by  (he  water.  An  eflervea- 
cence,  occasioned  by  the  escape  of  carbonic  acid  gas,  takes  place,  and  a  so- 
lution of  the  coseatc  of  potash  is  obtained.  This  solution  by  evaporation 
yields  a  substance  resembling  fish  glue,  which  may  be  kept  for  a  great 
length  of  time  without  undergoing  any  change.  Mr.  Braconnot  conceives 
thai  this  caseale  would  prove  very  valuable  for  food,  especially  during 
long  voyages ;  since,  by  dissolving  it  in  water,  with  the  addition  of  a  little 
sugar  and  butter,  or  even  without  this  lalter  substance,  it  would  be  a  tole- 
rable substitute  for  milk. 

By  adding  diluted  sulphuric  acid  to  the  solution  of  caseate  of  potash,  on 
insoluble  sulphate  of  caseum  is  precipitated. 

A  solution  of  caseum  may  be  obtained  from  this,  by  the  addition  of  an 
aqueous  solution  of  carbonate  of  potash,  just  sufficient  to  saturate  Iho  sul- 
phuric acid  which  liberates  the  caseum,  and  enables  it  to  combine  with 
wBter.  By  pouring  into  this  solution  about  its  own  weight  of  alcohol,  a 
small  portion  of  the  caseum,  together  with  the  sulphate  of  potash  and  other 
impurities,  precipitates;  while  the  remainder  of  the  caseum  continues  dis- 
solved in  a  state  approaching  nearly  to  purity,  though  still  retaining  a 
amall  portion  of  potash. 

According  to  Braconnot,  pure  caseum,  when  dry,  resembles  gum  ara- 
bic  in  appearance,  and  in  its  solubility  in  water.  It  ads  both  ns  an  acid 
and  a  base ;  since  it  reddens  litmus  [laper,  and  forms  combinations  with  the 
alkalies  which  are  soluble  in  water ;  while  its  compounds  with  acids  are  in- 
soluble in  that  liquid. 

Braconnot  has  alleged  that  caseous  oxide,  for  which  he  has  prn]iosed  the 
name  of  aposepidine,  may  be  produced  by  the  ptitrcfaclion  of  any  animal 
substance.  The  same  chemist  has  denied  that  the  substance,  called  ca- 
seous acid,  is  deserving  of  this  name.  He  conceives  it  to  be  a  mixture  of 
caseous  oxide  with  various  substances,  and  with  an  oil,  to  which  he  attri- 
butes the  pungency  of  old  cheese. 

Aposepidine,  according  to  Braconnot,  is  inodorous,  nearly  insipid,  crys- 
lallizable,  and  soluble  in  water,  especially  when  hot. 

OF  CANTHARIDIN. 

This  name  has  been  given  to  the  vesicating  principle  of  cantha rides,  first 
isolated  by  Robiquet,  and  subsequently  by  Gmelin,  Thierry,  and  others.' 

According  lo  Robiquet,  it  exists  in  the  insect  in  union  with  a  green  oil, 
and  associated  with  a  brown  and  black  matter ;  also  with  acetic  and  uric 
Bcid,  and  phosphate  of  magnesia.  It  is  elaborated  by  subjecting  powdered 
cantbaridcs  to  successive  portions  of  hyitric  ether  in  a  stoppered  glass  fun- 
nel, until  this  solvent  passes  colourless.  The  first  portions,  which  appear 
oily,  being  set  aside,  the  rest  are  to  be  exposed  to  the  distillatory  process, 

*  Ann.  de  ChJmie,  vol.  7(>,  page  303. 
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in  order  lo  remove  Ihe  ether.  The  residuum  deposiles  crystals  of  cutha- 
ridin,  which  ia  stated  to  be  white,  inodorous,  insoluble  in  water,  and  iddr 
soluble  in  hot  than  in  cold  alcohol ;  hence,  by  rerrige ration,  it  is  B^Minfed 
in  needle-formed  crystals,  or,  if  the  solution  be  too  much  conceDtreted,  ii 
plates.  Canlharidin  is  likewise  soluble  in  hydric  elher,  oil  of  turpendDe,al 
of  olives  or  of  sweet  almonds,  and  in  molted  lard.  Minute  portions  appiied 
to  the  skin  quickly  produce  rubefaction,  and  afterwards  pustules.  Il  liiga 
Bt  37B°,  and  at  a  higher  temperature  sublimes,  and  condenses  in  brilliui 
crystalline  needles,  sustaining  only  a  partial  decomposition.  Unless  wim 
b^ted,  concentrated  sulphuric  acid  does  not  dissolve  it;  and  when  then- 
lution  is  effected,  the  addition  of  water  throws  down  the  canlharidin  in  the 
form  of  needle-shaped  crystnls. 

Cantharidin  is  soluble  in  nitric  and  chlorohydrio  acid  only  when  }wmi, 
and  consequently,  by  refrigerolion,  separates  from  thein  in  crystals,  h) 
the  cold  it  is  not  soluble  in  liquid  ammonia,  but  dissolves  in  dilute  soIuIru 
of  caustic  potash  or  soda,  and  may  be  precipitated  in  the  usual  ftmn  of 
needle-shaped  crystals  by  the  addition  of  acetic  acid.  The  compositioa  «f 
cantharidin  is  carbon  6S.6,  nitrogen  9.89,  hydrogen  6.43,  and  oxjpa 
13.15. 

OF  MUCUS. 

The  term  mucus,  in  an  enlarged  sense,  is  applied  to  a 
fluid  wiiich  lubricates  the  mouth,  ctisophagus,  stomacli,  in- 
testines, and  other  passages  of  the  body.  It  differs  from 
albumen  in  not  being  liable  .to  coagulation;  nor  does  it 
gelatinize  by  concentration.  Neither  tannic  acid  nor 
corrosive  sublimate  affect  it.  Subacetate  of  lead  ren- 
ders its  solution  opakc,  and  afterwards  causes  a  precipi- 
tation. 

Agreeably  to  the  opinion  of  Berzelius,  mucus  should  be 
considered  as  a  generic  appellation,  designating  several 
species,  of  which  the  chemical  qualities  vary  with  the  ani- 
mal functions  in  which  they  are  cmpioyed. 

OF  UREA,  OB  THE  CRT8TALLTZABLF-  MATTER  OF  URINE 

A  substance  exists  in  the  urine  of  animals,  to  which 
the  appellation  of  urea  has  been  given. 

Urine  is  evaporated  to  the  consistence  of  syrup  by  I 
very  delicate  management  of  fire.  When  quite  cold,  ni- 
tric acid  is  to  be  added  by  little  and  little.  The  tnixtuit 
is  to  be  agitated,  and  placed  in  an  ice  bath  to  congcdj 
when  a  crystalline  combination  is  formed  by  the  acid  witk 
the  urea.  Tlie  crystals  thus  procured  are  to  be  washeii 
with  ice-cold  water,  and  cleansed  by  allowing  theni  to 
drip,  and  by  pressing  tliem  between  the  folds  of  btottiii| 
paper.  The  nitrate  of  urea,  thus  obtained,  is  afterwanlf 
re-dissolved,  mingled  with  charcoal,  strained  from  itt 
charcoal,  and  decomposed  by  carbonate  of  potash.    Tin, 
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ultiog  solution,  being  evaporated  to  dryness,  is  treated 

*i  very  pure  alcohol,  which  takes  up  nothing  but  urea, 
,  by  concentration,  aflbrds  it  in  pure  crystals. 
t  is  to  the  presence  of  this  substance  that  urine  owes 

I  power  of  yielding  carbonate  of  ammonia  by  distil- 
ls nearly  inodorous,  but  when  tasted,  causes  a 
•"sensation  of  coolness,  similar  to  that  produced  by  nitre. 
It  is  very  soluble  in  water,  and  crystallizes  in  transpa- 
rent colourless  prisms.  It  appears  in  some  cases  to  act 
as  a  base;  since  it  combines  both  with  nitric  and  oxalic 
acid. 

Urea  has  been  noticed  at  page  294.  It  consiats  of 
CNK>*H'.  Its  elements  are,  therefore,  in  the  proportion 
requisite  to  form  an  atom  of  cyanic  acid,  an  atom  of  am- 
monia, and  an  atom  of  water. 

When  the  vapour  of  hydrous  cyanic  acid  is  brought 
into  contact  with  gaseous  amnionia,  the  acid  and  alkah 
unite,  forming  a  cyanate  of  ammonia,  which  contains  pro- 
bably an  atom  of  water.  When  a  solution  of  this  cyan- 
ate  is  evaporated,  or  when  the  cyanate  itself  is  exposed 
to  the  air,  ammonia  is  evolved,  and  urea  remains.  It  is, 
therefore,  probable,  that  the  cyanate  of  ammonia,  obtained 
by  the  last  mentioned  process,  is  a  dicyanate,  consisting, 
as  this  name  implies,  of  one  atom  of  acid,  and  two  of  am- 
monia. By  parting  with  one  atom  of  ammonia,  it  is  re- 
duced to  the  state  of  a  neutral  cyanate,  identical  in  com- 
position and  properties  with  urea. 

Urea  may  also  be  obtained  by  decomposing  tJie  cyanate 
of  lead  by  ammonia. 

The  following  formula,  contrasted  with  that  above  given 
for  urea,  shows  the  identity  of  the  composition  of  uroii, 
and  of  cyanate  of  ammonia  when  containing  an  atom  of' 
water. 

Cyanate  of  ammonia=N(X)+Nir+nO. 

OF  ANIMAL  BUGAR. 

Sugar  is  an  animal,  as  well  an  u  vegetable  product. 
Milk  whey,  evaporated  to  drynena,  and  Hubjeclcd  uller- 
wards  to  water,  the  resulting  wilulion  l»eiNg  clarified  by 
albumen,  and  concentrated  by  evaiKmilirin,  yieMit  a  nm- 
cies  of  saccharine  matter  in  cryntalit,  culled  tti/far  of  rnilh 
oi  iactin.    It  differs  from  conuiton  nugur  in  Iwitig  much 
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less  soluble  in  boiling  water,  and  in  not  being  fisnneot- 
able. 

The  Tartars  are  said  to  ferment  mares'  milk,  and 
thus  to  convert  it  into  an  intoxicating  Uquor;  yet,  in  this 
process,  the  sugar  of  milk  is  alleged  to  have  no  participa- 
tion. The  fermentation  of  milk  is  not  found  to  lessen  the 
quantity  of  the  sugar. 

Diabetic  sugar,  according  to  Dr.  Henry,  is  crystalliza- 
ble,  and  more  analogous  to  that  of  vegetables  than  to  the 
sugar  of  milk. 


castor  are  placed. 


SECTION  n. 

OF  ANIMAL  RESINS. 

i,  resin  of  biicj  ear^waxj  ambergris^ 


OF  RESIN  OF  BILE. 

By  adding  one  part  of  chlorohydric  acid  to  thirty-two 
parts  of  ox  bile,  a  resinous  matter  is  dissolved,  and  by 
subsequent  filtration  and  evaporation  may  be  isolated. 
It  melts  at  about  the  same  heat  as  spermaceti.  It  is 
soluble  in  water,  as  well  as  in  alcohol,  and  is  of  course 
deficient  in  a  very  essential  characteristic  of  resinous  sub- 
stances. 

It  is  alleged  that  this  resin  is  to  be  considered  as  the 
cause  of  the  smell,  and,  in  great  measure,  of  the  colour 
and  taste  of  the  bile. 

OF  CERUMEN,  OR  EAR-WAX. 

According  to  Henry,  it  melts  at  a  gentle  heat,  siob 
into  paper  Uke  oil,  is  very  combustible,  and  bums  with  a 
white  smoke,  emitting  an  ammoniacal  odour,  and  leaving 
little  charcoal.  With  water,  it  forms  a  sort  of  emulsion. 
Alcohol  dissolves  five-eighths  of  it,  and  the  remainder  has 
the  properties  of  albumen.  The  residue  of  the  sohitioo 
in  alcohol,  after  the  evaporation  of  this  solvent,  resembles 
the  resin  of  bile. 

OF  AMBERGRIS. 

This  substance  is  found  floating  on  the  sea  within  the 
tropics.    Its  origin  is  not  well  known;  though  it  is  sup- 
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posed  to  be  produced  by  the  whale.  It  is  not  strictly  a 
resin.  Alcohol  extracts  /rom  it  a  peculiar  substance,  called 
ambreincj  which  is  analogous  to  cholesteriney  a  substance 
obtained  from  biliary  calcuh. 

OF  CASTOR. 

Castor  is  found  in  two  small  bags,  in  the  inguinal  re- 
gions of  the  beaver.  It  contains  a  substance  analogous 
to  the  resin  of  bile. 


SECTION  III. 
OF  ANIMAL  OILS  OR  FATS. 

»  Fat  differs  from  oil  only  in  consistency.  Tallow,  lard, 
and  all  the  other  varieties  of  fat  may  be  considered  as 
concrete  oils. 

Chemically,  there  is  little  difference  between  vegetable 
t  and  animal  oils.  In  neither  is  nitrogen  a  constituent, 
L'ahd  in  both  hydrogen  and  carbon  are  the  predominant 
!;  elements,  oxygen  being  an  ingredient  only  in  small  pro- 
i  portion. 

f      Animal  oils  are  generally  less  disposed  to  fluidity  than 

E  vegetable  oils;  yet,  like  these,  they  consist  of  a  less  fusi- 

Me  oil,  called  stearin^  and  a  more  fusible  oil,  called  elainy 

into  which  they  are  susceptible  of  being  separated  by 

means  of  alcohol  or  cold. 

From  the  cranium  of  the  spermaceti  whale,  three  olea- 
^Dous  substances  are  obtained;  one  harder  than  tallow, 
and  called  spermaceti ;  the  others  known  in  commerce  as 
"Winter  and  summer  strained  oils.  As,  in  very  cold  wea- 
ther, the  latter  becomes  concrete,  the  fonner  is  under 
such  circumstances  strained  from  it.  Winter  strained 
Oil  is  the  elain  of  the  fat  of  the  whale. 

It  is  well  known  that,  when  oils  are  subjected  to  the 
-temperature  of  ignition,  they  are  resolved  into  certain 
-aeriform  substances.  The  converse  of  the  change  thus 
effected  was  accomplished  by  Berard.  One  volume  of 
carbonic  acid,  ten  volumes  of  carburetted  hydrogen,  and 
twenty  volumes  of  hydrogen  being  mixed,  and  passed 
through  a  red-hot  porcelain  tube,  a  deposition  of  white 
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crystals  took  place,  which  were  lighter  than  water,  solu- 
ble in  aicohol,  and  fusible  by  heat  into  a  liquid  resem- 
bling a  fixed  oil. 

By  Dobereiner,  a  similar  result  is  said  to  have  been  ob- 
tained, by  subjecting  coal  gas  and  aqueous  vapour  to  the 
temperature  of  ignition. 

OF  BUTYBIN,  PHOCENIM,  AND  HIRCLN. 

These  appellations  have  been  given  to  three  j>eculiar 
oils;  the  first  discovered  in  butter,  the  second  in  the  oil 
of  the  porpoise,  the  third  in  the  fat  of  sheep  and  goats. 

It  has  already  been  mentioned  that,  during  the  process 
of  saponification,  oils  are  acidified;  the  resulting  acids 
uniting  with  the  alkahes,  and  forming  soap.  In  the  case 
of  animal  oils,  margaric,  stearic,  and  oleic  acids  are  usu- 
ally produced;  but  that  other  acids  are  produced  in  paN 
ticular  instances,  will  appear  from  the  list  I  shall  give  of 
acids  generated  from  animal  substances. 

OF  GLYCERINE,  OB  THE  SWEET  PRINCIPLE  OF  OILB. 

This  is  a  transparent,  colourless,  inodorous,  tasteless, 
inflammable,  and  soluble  liquid,  which  is  evolved  ircmi  ve- 
getable and  animal  oils  during  saponification. 

By  nitric  acid,  it  is  converted  into  oxalic  acid.  By  sul- 
phuric acid,  it  may  be  made  to  yield  sugar,  as  feculadoc* 
under  tlie  same  circumstances. 

OF  ADIFOCIRE. 

On  opening  a  grave  at  Paris,  in  which  a  large  number 
of  human  bodies  had  been  buried  for  many  years,  the)' 
were  found  to  consist  of  a  substance  resembling  spenua- 
ceti,  to  which  the  name  of  adipocire  was  given.  It  was 
afterwards  found  that,  by  exposing  muscular  flesh  to  nm- 
ning  water,  or  to  nitric  acid,  adipocire  might  be  produced; 
and  it  was  generally  supposed  to  arise  from  a  transmuta- 
tion of  fibrin.  Gay-Lussac  subsequently  expressed  tin 
opinion,  that  adipocire  is  derived  entirely  from  falty  mat 
ter  previously  existing  in  the  flesh,  the  fibrin  being  tfr 
moved  by  putrefaction. 

Chevreu!  has  since  alleged  that  the  substance  in  quo 
tion  is  a  soap,  consisting  of  ammonia,  potash,  and  li 
united  with  margaric  acid  in  excess. 
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The  quantity  of  adipocire  stated  to  have  been  found 

the  grave  at  Paris,  appears  to  me  to  have  been  much 

ater   than  can    reasonably  be  ascribed  to  the  fat  of 

"ies,  a  majority  of  which  must  have  been  emaciated  by 

iBease.     Besides,  a  case  is  noticed  by  Dr.  Thomson,  in 

■hich  the  flesh  of  a  woman,  buried  in  "a  moss"  in  Scot- 

md  for  more  than  130  years,  was  chiefly  converted  into 

iipocire. 


SECTION  IV. 

OF  ANIMAL  ACIDS. 

Johnson,  in  his  Report  for  18:13  to  the  Britisli  Asso- 

"lation,  gives  a  list  of  twenty  animal  acids.     Some  others 

re  mentioned  under  this  head  by  distinguished  authors,  to 

irhich  he  docs  not  allude.     Also  there  are  several  acids, 

rhich,  although  existing  in  animal  substances  or  produced 

"rem  them,  are  classed  with  the  vegetable  or  inorganic 

icids,  as  having  been  originally  detected  in  vegetables  or 

Dorganic  bodies.     Yet,  notwithstanding  this  formidable 

^^Bt  of  acids,  there  are  very  few  treated  of  under  the  head 

f  animal  chemistry,  to  whicli  I  should  deem  it  expedient 

)  require  the  attention  of  the  student. 

The  most  interesting  among  the  acids  which  are  found 
a  animals,  are  the  sulphuric,  chlorohydric,  phosphoric, 
ud  acetic  acids. 

These  have  been  sufficiently  noticed  under  the  head  of 
Dorganic  or  vegetable  substances.  Uric  acid,  wliich  is 
tn  excrementilious  animal  product,  is  an  object  of  inte- 
est,  as  the  most  frequent  constituent  of  urinary  concre- 
ions.  The  rosacic  and  purpuric  acids  derive  some  im- 
lortance  from  their  association  with  uric  acid. 

Butyric  acid  has  pretensions  to  notice  as  existing  in 
tnall  proportion  in  butter. 

It  has  l>een  mentioned  that  the  margaric  and  oleic  acids 
re  produced  during  saponification.     They  exist  also  in 
adipocire. 

Sulphocyanhydric  acid,  though  not  mentioned  among 
animal  acids  by  Thenard,  is  said  to  exist  in  Baliva. 


Nitric  acid. 
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The  amniotic  acid  is  found  only  in  the  liquor  of  die 
amnios  of  the  cow.  Benzoic  acid  has  been  detected  in 
some  kinds  of  urine.  Formic  acid  exists  in  ants.  Alnmt 
all  the  other  acids  are  produced  by  heat,  or  by  the  action 
of  nitric  acid  or  of  the  fixed  alkahes  upon  animal  matter, 
and  have  been  applied  to  no  useful  purpose,  if  we  exc^ 
the  acids  formed  with  cyanogen.  These  have  been  st^ 
ciently  dwelt  upon  in  another  part  of  this  work.  See 
pages  294  and  296. 

I  subjoin  a  list  of  the  animal  acids,  indicating  the  sob- 
stances  from  which  they  are  obtained,  and  the  agents  m 
their  production. 

Uric  acid,  from  certain  urinary  calculi- 

Delphinic,  from  the  fat  of  the  dolphin. 

Ceric,  by  distilling  a  wax  soap  with  sulp^^uric  acid. 

Cetic,  by  saponifying  spermaceti. 

Ambi^c,  by  treating  ambrein  with 

Castoric,  by  treating  castorin  with 

Parpuric,  from  uric  acid,  by  the  action  of 

Saccholactic,  ^ 

saclactic  or  S  from  sugar  of  milk  by 

mucic,  ) 

Cholesteric,  from  cholesterine  by 
Hippuric,  from  the  urine  of  graminivorous  animals. 
Lactic,  from  sour  milk,  or  the  fermented  juice  of  beets. 
Formic,  from  ants,  or  from  alcohol,  sulphuric  acid,  and  manganese  by 

distillation. 
Jl^Uantoic,  from  the  liquor  of  the  allantois  of  the  cow. 
Margaric  ) 

and      >  from  stearin  by 

stearic,  j 
Oleic,  from  elain  by 

Phocenic,  from  an  oil  of  the  porpoise  by 
Butyric,  ca-  ^ 

proic,  and  >  from  butter  by 
capric,       ) 
Hircic,  from  the  fat  of  the  sheep  or  goat  by 
Sebacicy  from  suet  or  lard  by  heat. 


OF  URIC  ACID. 

Uric  acid  constitutes  the  deposition  from  certain  urines 
under  the  form  of  a  yellow  powder,  which  attaches  itself 
so  firmly  to  the  recipient,  as  to  be  removed  with  difficulty 
even  by  friction :  and  all  those  calculi,  or  those  layers  in 
calculi  which  are  yellowish,  and  of  which  the  powder  re- 
sembles sawdust,  are  formed  of  it.  The  white,  in  the  ex- 
crement of  birds,  consists  likewise  of  this  acid.     It  has 


>  the  action  of  potash. 
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Ben  found  in  cantharides,  in  the  excrement  of  the  silk 
form,  and,  in  large  quantities,  in  that  of  the  eagle  and 
oa   constrictor,    united    to   ammonia.     Combined    with 

la,  it  forms  arthritic  concretions. 

It  is  procured  by  treating  the  yellow  sediment  of  urine, 
le  yellow  urinary  calculi,  or  the  excrements  containing 
,  with  a  solution  of  potash  in  excess,  and  adding  chloro- 
fdr'ic  acid  to  the  resulting  Hquid.  This  acid  neutralizing 
te  alkali,  the  uric  acid,  dissolved  in  it,  is  precipitated  in 
ocks  which,  after  a  time,  are  changed  into  brilliant 
lates.  This  precipitale  is  to  be  washed  upon  a  filter 
ith  water,  till  the  washings  are  not  rendered  turbid  by 
itrate  of  silver,  and  afterwards  gently  dried. 

Properties. — Obtained  by  the  process  abovementioned, 
ric  acid  is  a  tasteless,  inodorous,  yellowish-whitc  powder, 
(soluble  in  alcohol,  slightly  soluble  in  hot  water,  and  re- 
uiring  of  this  last  mentioned  liquid,  at  60°  ten  thousand 

les  its  weight  for  solution. 

The  compounds  which  it  forms  with  the  earths  and  al- 
dies  may  be  decomposed  by  almost  all  the  acids,  even 
'  carbonic  acid.     It  iiaa  scarcely  any  effect  upon  litmus. 

Uric  acid  dissolves  in  nitric  acid,  and  yields,  by  evapo- 

tion  to  dryness,  a  residuum  of  a  purple  colour. 

The  composition  of  uric  acid,  according  to  the  recent 
nalysis  of  Liebig,  is  C*N'H''0^  Thomson,  however,  sup- 
loses  that  the  hydrogen  and  two  atoms  of  the  oxygen  are 
lUe  to  the  presence  of  water,  and  that  uric  acid,  when  an- 
ydrous^  is  destitute  of  hydrogen,  and  contains  but  one 
tom  of  oxygen. 

Wohler  has  shown  that  the  acid  obtained  from  uric 
cid  by  heat,  and  heretofore  designated  by  the  name  of 
^ro-uric,  is  in  fact  njanuric  acid>     See  page  294. 

OF  PURPURIC  ACID. 

Ad  Bciil  19  produced  by  the  rcactioa  of  nitric  with  uric  acid,  which  was 
Jkd  puqiuric;  as  il  was  supposed  to  give  rise  to  (ho  purple  colour  which 
ks  been  mentioned  as  a  mcaa  of  detecting  uric  acid. 

OF  ROSACIC  ACID. 
TIk  laleritious  Hedimcut,  obtained  from  the  urine  id  certain  cases  ofdis- 
lae,  has  been  alleged  lo  contain  an  acid,  called  rosaclc  from  its  rosy  co- 
lour. 

It  appears,  however,  lo  be  now  gt-nerally  admitted,  that  the  acid  called 
rosacic,  consists  of  uric  add  modihcd  by  the  presence  of  some  forei^ 
body. 


J 
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OF  LACTIC  ACID. 


To  the  acid  of  sour  mitk,  the  appellatioii  ot  lactic  atud  has  been  pn, 
from  lac,  the  latin  for  milk.  This  acid  is  generated  hy  the  rermeDtaiioo  o(  ' 
rice  water,  beet  juice,  or  an  infusion  of  nux  vomica.  It  acts  u|>on  iroD  soi 
zinc,*cauaing  the  evolution  of  hydrogen.  This  acid  was  lirat  distinguisbeij 
as  peculiar  by  Scheele.  Subsequently,  it  was  by  many  chemists  coo^ 
dered  as  acetic  acid  disguised  by  the  presence  of  some  Ibreign  malter;  but 
J.  Gay.Lussoc  and  Pelouze  have  recently  shown  by  aa  elaborate  exatm- 
nation,  that  it  is  a  peculiar  acid. 

It  presents  the  singular  phenomenon  of  an  organic  acid,  not  only  c«f«- 
blo  of  existing  in  the  anhydrous  state,  but  also  of  crystallizing  in  that  slue; 
while,  when  combined  with  water,  it  does  not  crystallize. 

The  formula  of  ihe  uncrysiallizable  hydrous  add,  is  C«H»O+aH0; 
that  of  the  crystallizable  anhydrous  acid,  C'EK)*. 

OF  FORMIC  ACID. 

This  acid  was  originally  obtained  from  ants,  it  appears  to  exist  in  ihem 
naturally. 

Formic  acid  has  been  resolved  into  carbonic  oside  and  water  by  Do- 
bereincr.  The  synthesis  of  this  acid  has  been  effected  by  this  chemist,  by 
distilling  crystallized  tartaric  acid  with  sulphuric  acid  and  binck  oxide  of 
manganese. 

Formic  acid  may  be  obtained  by  adding  to  one  part  of  sugar  Id  id 
alembic,  three  par^  well  pulverized  peroxide  of  manganese,  and  tbrw 
parts  of  sulphuric  acid,  diluted  with  its  weight  of  water.  The  acid  should 
be  added  in  three  successive  portions.  At  tirsl,  Ihe  elTervescenoe  vi  co 
great  as  to  require  the  vee^sel  to  have  Htleen  times  (he  capacity  which  irautd 
be  necessary  to  contain  the  materials  when  quiescent.  Formic  acid,  «■ 
sociatcd  with  formic  ether,  is  brought  over  by  distillation.  It  may  bea- 
turated  with  chalk  or  an  alkali,  and  the  resulting  formtaie  docomposed,  and 
the  acid  isolated,  by  distillation  with  ten  parts  by  weight  of  sulphuric  acid, 
diluted  with  four  parts  of  water. 

Dobereincr  alleges  that  formic  acid  and  formic  ether  highly  merit  the 
attention  of  iihysicians  and  chemists.  He  represents  this  acid  as  ana:- 
cellent  reagent  for  separating  the  noble  metals  from  solutions,  in  whii^ 
they  are  intermingled  with  other  metals  proper.  If  a  aotulion,  containini 
one  or  more  noble  metals,  be  elevated  nearly  to  the  temperature  of  dxill^ 
tioti,  on  adding  an  alkaline  formiate,  the  noble  metals  will  be  jmrnediatdf 
and  entirely  precipitated  in  a  very  minute  state  of  division.  At  ibe  same 
time,  by  ascertaining  the  weight  of  the  gas  simulianeously  evolved,  ihuof 
the  metal  thrown  down  may  be  determined. 

The  ^cbloride  of  mercury,  when  in  solulion,  is  converted  into  caloniH 
with  so  much  facility,  and  in  a  state  of  division  so  minute  by  formic  odd 
or  formiate  of  soda,  that  Dobereiner  recommends  their  employment  in  the 
preparation  of  that  protochloride. 

If  the  same  quantity  of  sulphuric  acid  and  manganese  bo  mingled  wilb 
sis  ports  of  alcohol,  the  process  being  in  other  respects  the  snmeas  that  la 
formic  acid  above  described,  formic  ether  becomes  the  predominant  pro 
duct.  It  is  freed  from  formic  acid  by  magnesia,  from  alcohol  by  a  snuill 
qUEmtity  of  water,  and  from  water  by  chloride  of  calcium.     By  a  moreri' 
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ensive  contact  with  water,  formic  ether  is  decomposed,  and  alcohol  and 
brraic  acid  are  generated. 

Formic  acid  has  a  pungent  taste,  and  a  peculiar  sharp  odour.    It  is 
»mposedofC«HO«, 


OF  COMPLEX  ANIMAL  LIQUIDS  AND  SOLIDS. 

SECTION  I. 
OF  ANIMAL  LIQUIDS. 

OF  BLOOD. 

From  the  proximate  elements  of  animal  matter,  we  pro- 
ceed to  treat  of  the  more  complex  substances  into  which 
3uch  elements  enter  as  ingredients.  Among  these  blood 
is  pre-eminently  important.  The  properties  of  blood  are 
well  known.  Within  the  sphere  of  vitaUty  it  is  always 
Quid.  Its  colour  is  bright  red  in  the  arteries,  and  dark 
red  in  the  veins.  Its  taste  is  saltish,  and  its  smell  faint. 
The  specific  gravity  of  human  blood  is  1.0527;  that  of 
ox  blood  1.056. 

In  the  state  in  which  it  exists  in  the  veins  and  arteries, 
blood  consists  of  albumen,  fibrin,  and  small  portions  of 
various  salts,  of  a  multitude  of  minute  red  globules,  and  a 
liquid  nearly  colourless,  in  which  the  other  mgredients  are 
dissolved  or  suspended.  Although  too  minute  to  be  dis- 
tinguished by  the  naked  eye,  the  globules  have  been  as- 
certained, by  the  aid  of  the  microscope,  to  be  constituted 
of  a  nucleus  of  fibrin,  surrounded  by  a  colouring  matter, 
to  which  the  name  of  hematosin  has  been  given.  In  order 
to  obtain  hematosin,  Berzelius  recommends  that  the  cras- 
samentum,  previously  cut  into  thin  slices,  and  subjected  to 
pressure  between  the  folds  of  blotting  paper  to  free  it  from 
serum,  should  be  agitated  in  water.  By  these  means  a 
solution  of  the  hematosin  is  obtained,  from  which  it  may 
be  separated  in  the  solid  state  by  evaporation. 

Hematosin  appears  almost  black  when  in  mass,  but  be- 
comes red  by  pulverization.  In  properties  and  chemical 
composition  it  agrees  nearly  with  albumen,  being  coagu- 
lated and  rendered  insoluble  by  heat,  and  consequent^'' 
precipitated  from  its  solutions.  Nevertheless  it  di 
from  the  last  mentioned  principle  in  containing  a  mi 
proportion  of  iron. 
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The  colour  of  the  blood  was  at  one  time  ascribed  to 
Bubphospliate  of  iron,  dissolved  in  the  serum  by  meaosof 
an  alkali.  Subsequently,  tJiis  explanation  was  found  to 
be  erroneous,  and  Brande  adduced  some  striking  facts  in 
favour  of  the  opinion  that  the  matter  in  question,  like 
vegetable  dyes,  owes  its  colour  to  unknown  causes.  It 
was  afterwards  discovered  by  Engelhart,  that,  although 
iron  exists  neither  in  the  fibrin  nor  serum  of  the  blood,  it 
is  associated  with  the  red  globules.  This  he  proved,  not 
only  by  demonstrating  its  existence  in  the  products  of 
their  incineration,  but  by  passing  chlorine  through  a  eolu- 
tion  of  them,  by  which  means  a  modification  ensued, 
which  rendered  the  iron  susceptible  of  detection  by  the 
usual  tests.  Engelhart  also  ascertained  that,  from  a  liquid 
containing  albumen  and  other  soluble  animal  substanMs, 
oxide  of  iron  cannot  be  precipitated  by  the  alkalies,  buI- 
phydrate  of  ammonium,  or  an  infusion  of  galls. 

It  has  been  suggested  by  Dr.  Turner,  tliat  the  colouriog 
matter  of  the  blood  might  be  sulphocyanide  of  iron;  but 
in  the  last  edition  of  his  Chemistry,  he  appears  to  bate 
abandoned  that  idea,  and  to  lean  to  the  opinion  of  Brande, 
abovementioned,  principally  upon  the  ground  that  the 
iron,  forming  only  jhsth  of  the  weight  of  the  hematosio, 
must  be  inadequate  to  produce  the  striking  red  colour  of 
the  liquid  in  question.  Considering  the  wonderful  infla- 
encc  of  minute  portions  of  matter,  and  especially  of  sul- 
phocyanide of  iron  in  affecting  the  colour  of  bodies,  I  am 
not  convinced  of  the  insufficiency  of  the  iron  in  the  glo- 
bules to  produce  their  hue. 

It  has  been  stated  that  the  colour  of  the  blood  is  of  a 
much  brighter  red  in  the  arteries  than  in  the  veins.    Tlii* 
difference  has  l>een  ascribed  to  its  exposure  to  oxygen  in 
the  lungs,  and  consequent  dccarbonization-     Lately  Dr. 
Stevens  has  alleged  that  the  colour  of  hematosin  is  natu- 
rally dark,  but  is  rendered  darker  by  acids,  while  by  stfltB 
it  is  reddened;  that  the  florid  hue  of  arterial  blood  is  doe 
i'  to  saline  matter  dissolved  in  the  serum;  and  that  the  dark 
HColour  acquired  in  the  veins  arises  from  carbonic  acid. 
fThe  observations  of  Dr.  Stevens  have  been  so  far  con- 
f  firmed  by  those  of  Dr.  Turner,  as  that  a  portion  of  a 
coagulum  of  arterial  blood,  deprived  of  its  serum,  and  the 
saline  matter  associated  with  it,  acquired  the  appearance 
of  venous  blood;  but  recovered  its  florid  colour 


IRsBtored  to  its  seru 
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itored  to  its  serum,  or  when  immersed  m  a  solution  of 
bicarbonate  of  soda.  These  facts,  if  confirmed,  must 
awaken  much  attention,  but  unfortunately  do  not  dimi- 
Dish  our  theoretic  ignorance;  since  the  influence  of  the 
saline  matter  and  acids  on  hematosin  is  anomalous  and 
inexplicable. 

Blood,  after  its  removal  from  the  animal,  is  gradually- 
resolved  into  two  portions,  one  of  which,  called  scrum,  is 
a  transparent  liquid  of  a  pale  yellow  colour;  while  the 
other  is  solid,  and  retains  the  red  colour  of  the  blood,  be- 
ing called  the  crassamentum  or  clot.  Of  this  phenomenon 
no  satisfactory  explanation  has  yet  been  given. 

The  crassamentum  is  composed  chiefly  of  fibrin,  mixed 
with  hematosin  to  which  it  owes  its  colour. 

The  serum  consists  of  water,  holding  albumen  and  small 
portions  of  various  salts  in  solution,  and,  like  other  liquids 
containing  that  principle,  may  be  coagulated  by  heat,  when 
it  yields  a  liquor  called  serostltf,  which,  according  to  Ber- 
zelius,  consists  of  water,  holding  in  solution,  albumen,  soda, 
the  chlorides  of  sodiura  and  potassium,  lactate  of  soda, 
Bind  a  peculiar  animal  matter  with  a  trace  of  phosphoric 
icid. 

Potash  and  soda  diminish  the  tendency  of  the  blood  to 
coagulate,  while  acids  hasten  it.  The  alkalies  act  by 
rendering  the  fibrin  more  soluble,  the  acids  by  coagulating 
Lhe  albumen. 

Almost  all  metallic  salts,  excepting  those  of  the  alka- 
ies  and  earths,  produce  a  precipitatiou  in  blood,  in  con- 
sequence of  the  afiinity  which  exists  between  albumen,  and 
jxidcs,  chlorides,  and  acids.  Alcohol,  by  taking  hold  of 
[he  water,  precipitates  all  the  other  matter. 

OF  CHYLE. 

Chyle  resembles  blood  in  resolving  itself  into  a  coagu- 
lum,  and  a  liquid  like  serum,  which,  according  to  Dr. 
Prout,  consists  partly  of  albumen,  but  principally  of  in- 
cipicni  albumen.  The  coagulum,  according  to  Vauquelin, 
is  imperfect  fibrin ;  but  Brando  considers  it  as  more  aUied 
to  caseous  matter. 

The  opinions  of  Prout  and  Vauquelin  derive  support 
from  the  consideration  that,  as  chyle  is  destined  to  become 
blood,  it  may  be  reasonably  expected  to  contain  the  prin- 
cipal constituents  of  tliat  hquid,  in  a  state  advancing  to- 
wards maturity. 
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Of  Respiration. 

Respiration,  so  far  as  it  is  dependent  upon  mw 
principles,  was  sufficiently  explained  under  the  '. 
atmospheric  pressure.  Chemistry  ioforms  us  that. 
this  process,  a  portion  of  oxygen  gas  disappears 
replaced  by  carbonic  acid,  varying  in  quantity  i 
season  or  time  of  day  in  winch  the  observation 
made,  and  with  the  nature  of  the  animals  whose 
may  be  analyzed.  In  the  case  of  the  human  spec 
quantity  is  nearly  adequate  to  compensate  the  din 
of  oxygen ;  while  in  that  of  some  animals,  it  is  si 
be  little  more  than  half  as  much. 

The  observations  which  have  been  made  respec 
nitrogen,  have  shown  that  the  influence  of  respira 
the  quantity  of  that  gas  in  the  breath  is  variable, 
respired  by  ditferent  animals,  and  even  by  the  sa 
mal  at  different  periods,  the  proportion  of  nitro; 
been  found  sometimes  unaltered,  sometimes  gr& 
other  times  less,  than  before  respiration. 

It  has  been  generally  supposed  that  the  oxygei 
air  drawn  into  the  lungs,  is  converted  into  carboB 
by  uniting  with  carbon  presented  to  it  by  the  bio 
that,  if  the  nitrogen  be  increased  or  diminished, 
consequence  of  a  corresponding  exhalation  or  abg 
of  this  gas  by  the  same  liquid.  Yet  experimen 
deuce  and  plausible  arguments  have  been  addu 
Dr.  Edwards  in  favour  of  the  opinion,  that  an  abs 
of  oxygen  and  nitrogen  and  an  evolution  of  cartxw 
and  nitrogen  are  simultaneously  effected  in  tht 
He  supposes  that  the  oxygen,  being  absorbed  by 
terial  blood,  passes  into  the  circulation,  and  is  gi 
carbonized;  and,  returning  with  the  venous  blooJ  i 
lungs,  is  evolved  in  the  state  of  carbonic  acid.  N 
is  conceived  to  be  in  like  manner  absorbed,  corr 
the  circulation,  and  evolved  again;  the  quantity 
being  sometimes  greater,  sometimes  less,  than  t 
sorbed;  at  other  times,  just  equal  to  it. 

It  appears  from  the  late  inaugural  thesis  of  m} 
friend  and  pupil  Dr.  R.  E.  Rogers,  of  which  the 
ments  were  for  the  most  part  performed  in  the  lab 
of  this  Institution,  that  neither  exhaustion  nor  the 
212°  are  capable  of  extricating  carbonic  acid  from 
blood.    It  was  also  proved  by  him  that  oxygqj 


Wnd  nitrous  oxide  a: 


RESPtRATtO.V. 


I  nitrous  oxide  are  absorbed  in  different  proportious  by 
It,  yet  are  not  replaced  in  any  degree  by  carbonic  acid- 
When,  however,  venous  blood  is  enclosed  in  a  recent  cel- 
lular or  serous  membrane,  and  the  whole  placed  in  a  ves- 
ael  -jf  atmospheric  air  or  oxygen ;  while  a  portion  oi'  the 
medium  is  absorbed,  carbonic  acid  is  disengaged  from  the 
Mood,  indicating  a  specific  agency  in  the  tissue  employed. 
In  this  respect  the  experiments  were  conceived  to  imitate, 
closelj',  the  function  of  respiration  in  the  class  of  mammalia. 
tt  was  also  shown  by  Dr.  Rogers,  that  a  tissue,  interposed 
between  two  gases  or  liquids,  influences  both  tlie  rate  and 
Sirection  in  which  they  become  inlenuinglcd  by  perme- 
Ming  the  tissue;  also  that,  during  their  passage  through 
nich  organic  tissues,  caloric  is  evolved  to  an  extent  auffi- 
^ient  to  justify  the  opinion  that  animal  heat  may  be  par- 
sally  due  to  an  analogous  process. 

It  has  been  ascertained  that,  during  the  union  of  carbon 
and  oxygen,  as  much  heat  is  evolved,  as  will  tliaw  ninety- 
six  times  the  weight  of  the  carbon  in  ice.  During  twenly- 
£bur  hours,  a  man  has  been  estimated  to  emit  as  much 
E;arix)Qic  acid,  as  would  require  for  its  formation  nearly 
eleven  ounces  of  carbon,  and  consequently  tlio  emission 
Ktf  as  much  heat  as  would  thaw  sixty-six  pounds  of  ice. 

Considerations  similar  to  these,  led  Black,  Lavoisier, 
Crawford,  and  others,  to  view  the  carbonization  of  oxygen 
gas  in  the  air  breathed  by  annuals,  as  the  only  source  of 
SDimal  heat.  This  opinion  appeared  afterwards  to  be  m- 
Talidated  by  the  allegations  of  Mr.  Brodie  that,  in  animals 
recently  killed,  refrigeration  could  not  be  retarded  by 
sustaining  their  respiration  artificially. 

The  observations  of  other  physiologists  have  not  con- 
firmed those  of  Brodie.  Besides,  it  has  generally  been 
considered  incredible  that  the  carbonization  of  oxygen 
should  not  cause  the  extrication  of  heat  within,  as  well  as 
without  the  precincts  of  vitality.  Nevertheless,  a  series 
of  very  accurate  experiments,  made  by  Dulong,  demon- 
strates that  more  heat  is  evolved  by  animals,  than  would 
be  afforded  by  the  combustion  of  the  carbon  imparted 
by  them  to  the  air.  The  animals  subjected  to  obser- 
vation, were  placed  in  a  vessel  surrounded  by  water,  so 
that  the  whole  of  the  heat  generated  by  them  could  be 
known ;  while  by  means  of  an  appropriate  apparatus,  the 
supply  of  air  afforded  to  them  was  regulated  and  mea- 
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Bured.  The  quantity  of  carbonic  acid  generated,  and  of 
oxygen  gas  consumed,  was  likewise  ascertained.  The 
difference  between  these  quantities  was  ascribed  to  tbe 
union  of  a  portion  of  the  oxygen  with  hydrogen,  pre- 
sented to  it  in  the  blood. 

The  heat  yielded  by  the  oxygen  thus  converted  into 
water,  and  that  converted  into  carbonic  acid,  was  consi- 
dered as  comprising  the  whole  which  could  be  derived 
from  respiration.  This  was  found  by  Mr.  DuloDg  never 
to  be  less  than  69  per  cent.,  nor  more  than  80  per  cent., 
of  the  whole  heat  emitted  by  the  animal.  The  heat  which 
could  be  ascribed  to  that  portion  of  the  oxygen  which 
was  converted  into  carbonic  acid,  was,  in  the  case  of  car- 
nivorous animals,  never  less  than  49,  nor  more  than  65 
per  cent,  of  the  whole  heat  generated ;  but  in  the  case  of 
irugivorous  animals,  it  was  never  less  than  65,  nor  mors 
than  75  per  cent,  of  the  whole. 

The  conclusions  of  Mr.  Dulong  are  founded  on  the  es- 
timate of  the  heat  produced  by  the  combustion  of  carbon 
and  hydrogen,  made  by  Lavoisier  and  Laplace.  Mr. 
Despretz  repeated  the  investigations  of  Mr.  Dulong,  found- 
ing his  estimate  of  the  heat  produced  by  the  combustion 
ofoxygen  gas  with  carbon  and  hydrogen,  on  a  new  seriei 
of  experiments. 

I  subjoin  a  summary  statement  of  the  deductions  of 
Mr.  Despretz. 

He  infers,  that  there  is  an  exhalation  of  nitrogen  in  all 
cases  during  respiration;  the  quantity  being  greater  from 
frugivorous,  than  from  carnivorous  animals. 

That  the  volume  of  the  carbonic  acid  disengaged,  never 
equals  that  of  the  oxygen  which  disappears;  and  that  the 
disparity  in  this  respect  is  greater  in  young  animals  than 
in  adults. 

That  the  quantity  of  heat  which  can  be  ascribed  to  tbe 
union  of  oxygen  with  carbon  and  hydrogen,  is  never  lea 
than  72  per  cent.,  nor  greater  than  90  per  cent.,  of  the 
heat  produced  by  the  animal. 

Upon  the  whole,  it  appears  from  the  experiments  of  Do- 
long  and  Despretz,  that  the  heat  arising  from  respiration, 
is  from  10  to  30  per  cent,  less  than  the  whole  of  the  beat 
generated  by  animal  life.  If  these  results  are  to  be  relioi 
upon,  the  remainder  must  be  ascribed  to  the  fixation  oS 
the  fluid  matter  of  the  blood,  and  that  change  of  capaciir. 
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80  often  observed  to  bo  attendant  upon  combination  and 
decomposition.  If  the  temperature  of  substances  under- 
going the  vinous  fermentation,  can  be  augmented  by  these 
causes,  it  is  reasonable  to  suppose  that  they  may  contri- 
bute to  the  heat  of  animals. 

In  page  438, 1  mentioned  the  facts  ascertained  by  Dr. 
Mitchell  of  the  Medical  Institute,  respecting  the  permea- 
bility of  caoutchouc  by  gases.  Agreeably  to  one  doctrine, 
carbon  is  supposed  to  be  abstracted  from  the  blood  within 
the  lungs ;  agreeably  to  another  hypothesis,  oxygen  passes 
ioto  it,  and  carbonic  acid,  previously  formed,  is  emitted. 
To  both  views,  the  impermeability  of  the  membrane  was 
an  alleged  obstacle;  but  the  experiments  of  Mitchell  in 
the  first  place,  and  those  of  Rogers  abovcmcntioned,  lat- 
terly, seem  to  have  removed  all  difficulty  arising  from  this 
source. 

Dr.  Turner,  in  his  Chemistry,  page  978,  5th  edition, 
makes  the  following  remarks.  "  The  difficulty  which  for- 
merly stood  in  the  way  of  both  theories  of  respiration, 
arising  from  the  supposed  impermeability  of  animal  mem- 
branes by  gases,  has  been  entirely  removed  by  the  re- 
searches of  Drs.  Faust  and  Mitchell.  It  fully  appears 
from  their  experiments,  and  of  the  accuracy  of  their  prin- 
cipal results  I  am  satisfied  from  personal  observation,  that 
animal  membranes,  both  in  the  living  and  dead  subject, 
both  in  and  out  of  the  body,  are  freely  penetrable  by  ga- 
seous matter."* 

It  has  been  a  question,  by  what  means  are  plants  sup- 
plied with  their  constituent  carbon,  and  how  is  the  ratio 
of  the  oxygen  to  the  nitrogen  in  the  atmosphere  preserved, 
notwithstanding  the  incessant  consumption  of  oxygen  by 
animals,  by  combustion,  and  other  chemical  processes  ? 
It  was  suggested  by  Dr.  Ingenhauz,  that  plants  at  the 
same  time  acquire  carbon  and  supply  oxygen,  by  decom- 
posing the  carbonic  acid,  well  known  to  exist  in  the  air. 
It  follows  that  by  a  species  of  respiration,  they  produce 
an  eifect  the  opposite  of  that  produced  by  animals,  who 
give  out  carbon  and  absorb  oxygen.  By  Ellis  and  others, 
this  result  has  been  controverted;  as,  agreeably  to  their 
experiments,  plants  were  not  found  competent  to  efiect 

*  Fan  960,  Dr.  Tamer  observeB,  nliuding  to  Ihe  ■bove  menlioned  ehmUBl*, 
"the  AmeiLcan  philoaophera  ire  entillnd  la  tlie  merit  of  advancing  Irani  the  de- 
laehed  fscU  of  olhcri  lo  the  establiihnicnt  of  a  principle." 
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the  alleged  change.  But,  according  to  Daubeny,  thejc 
experimeDts  are  not  to  be  considered  as  conclusive;  since 
the  plant  was  included  ao  long  as  to  become  unheallhj. 
He  has  satisBed  himself  that,  in  6ne  weather,  a  plaDt,  if 
confined  in  the  same  portion  of  air  night  and  day,  and  duly 
supplied  with  carbonic  acid  during  the  sunshine,  will  go 
on  adding  to  the  proportion  of  oxygen  present  so  long  as 
it  continues  healthy,  or  at  least  up  to  a  certain  poiDt; 
the  slight  increase  of  carbonic  acid  which  takes  place 
during  the  night,  bearing  no  considerable  proportion  to 
the  degree  in  which  the  contrary  effect  is  observable  dur- 
ing the  day. 

Considering  the  quantity  of  oxygen  generated  by  a  very 
small  portion  of  a  tree  or  shrub  so  introduced,  he  sees  do 
reason  to  doubt  that  the  influence  of  the  vegetable,  may 
Berve  as  a  complete  compensation  for  that  of  the  aniioa] 
kingdom ;  especially  since  this  same  function  appears  tu 
belong  to  every  plant  which  has  come  under  his  view, 
whatever  may  be  its  structure  or  organization. 

OF  ANIMAL  SECRETIOna 

Several  liquids  are  described  in  treatises  of  cbemistry, 
which  are  secreted  by  animal  organization;  as,  for  ii>* 
stance,  lymph,  synovia,  saliva,  the  humours  of  the  eye, 
tears,  the  gastric  and  pancreatic  juices,  bile,  sweat,  urine, 
and  milk.  An  account  of  these  substances,  so  far  as  it 
can  be  afforded  without  chemical  principles  or  illustra- 
tions, belongs  to  the  chair  of  the  Institutes.  It  is  my  duty 
to  explain  their  chemical  properties  and  composition,  as 
far  as  it  may  be  practicable  or  expedient. 

But,  unfortunately,  the  analyses  which  have  been  made 
of  the  substances  under  consideration  by  eminent  che- 
mists are  contradictory,  and  the  opinions  entertained  oi 
them,  fluctuating;  and  were  it  otherwise,  I  should  deem 
it  injudicious  to  occupy  the  attention  of  students  with  do. 
tails  which  experienced  chemists  cannot  recollect,  unless 
Id  cases  in  which  their  attention  has  been  particularly 
excited.  I  shall,  therefore,  conclude  this  part  of  animal 
chemistry  with  an  account  of  the  gastric  juice,  miik, 
urine,  bile,  and  sweat. 

Gastric  Juice. — The  gastric  juice  is  a  transparent  liquid, 
having  a  somewhat  bitter  taste.  As  obtained  from  the 
stomach  of  an  animal  killed  while  fasting,  it  is  neither 
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:id  nor  alkaline;  but  it  has  been  alleged  that  it  owes  its 
Jvent  powers  to  the  presence  of  chlorohydric  and  acetic 
;id,  secreted  during  digestion.  This  opinion  has  received 
pport  from  the  detection  of  chlorohydric  and  acetic  acid 
the  stomach  of  animals  killed  during  digestion;  and  it 
is  been  shown  by  Teidemann  and  Gmelin,  that,  at  the 
imperature  of  the  body,  those  acids  are  capable  of  dis- 
)lving  all  digestible  substances  employed  as  food. 
Milk. — This  liquid  needs  no  description.  Its  density 
ad  qualities  vary  not  only  in  different  animals,  but  at 
Liferent  times  in  the  same  animal,  according  to  health  or 
ix>d.  It  spontaneously  separates  into  cream,  curd,  and 
hey. 

Milk  is  composed  of  caseum,  butter,  sugar  of  milk,  dif- 
irent  salts,  especially  phosphates,  and  a  little  acid.  The 
kitter  and  a  portion  of  the  caseum  are  only  suspended  in 
^le  milk  in  a  state  of  minute  division,  whence  its  opacity; 
It  another  portion  of  the  caseum  appears  to  be  dis- 
lolved.  When  evaporated,  a  pellicle  is  formed  on  its 
surfece.  By  distillation  it  yields  water  slightly  contami- 
nated with  milk.  If  heated  daily,  it  does  not  spoil  for  a 
long  time.  It  is  extremely  coagulable  by  acids  and  alco- 
hol, and  likewise  by  the  coating  of  the  calPs  stomach,  to 
which  the  name  of  rennet  has  been  applied.  It  is  proba- 
ble that  this  coagulation,  when  produced  by  acids,  is  due 
to  the  insolubility  of  the  compounds  formed  by  those  bo- 
dies with  caseum.  The  effect  produced  by  rennet  has 
been  attributed  to  the  acids  of  a  portion  of  the  gastric 
juice,  which  it  is  supposed  it  may  retain.  But  it  must  be 
evident  that  only  a  minute  proportion  of  acid  could  be 
thus  held;  and  Berzelius  has  shown  that  of  rennet,  pre- 
viously macerated  in  water  to  remove  every  thing  soluble 
in  that  liquid,  1  part  will  coagulate  1800  of  milk,  though 
losing  only  iVth  of  its  weight.  It  is,  therefore,  inferred 
by  him  that  caseum,  like  nbrin  and  albumen,  is  suscepti- 
We  of  two  different  states;  in  one  of  which  it  is  soluble, 
in  the  other,  insoluble- 
Whey,  as  I  have  stated,  contains  sugar  of  milk;  and 
besides  this,  some  other  animal  matter,  with  phosphates 
and  chlorides. 

The  milk  of  women  contains  less  caseous  matter,  and 
more  sugar,  tlian  cows'  milk.  It  yields  more  cream,  but 
not  of  a  kind  convertible  into  butter. 
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Urine. — This  secretion  is  a  very  complicated  fluid, 
being  apparently  secreted  for  the  purpose  of  carrying  off 
impurities,  received  into  or  formed  in  the  blood. 

Agreeably  to  an  analysis  made  by  Berzelius,  the  com- 
position of  urine  is  as  follows: — 

Water       -            -            -            -            -  933.00 

Urea          .            .            -            .            .  30.10 

Uric  acid                ....  1.00 
Free  lactic  acid,  lactate  of  ammonia,  and 

animal  matter  not  separable  from  them  17.14 

Mucus  of  the  bladder          -            -            .  0.32 

Sulphate  of  potassa            -            -            -  3.71 

Sulphate  of  soda    -            -            -            -  3.16 

Phosphate  of  soda              -            -            -  2.94 

Phosphate  of  ammonia       -            -            -  1.65 

Chloride  of  sodium              -            -            -  4.45 

Chloride  of  ammonium       -            -            -  1.50 
Earthy  matters  with  a  trace  of  fluoride  of 

calcium               -            -            -            -  1.00 

Silicic  acid             -            -            .            .  0.03 


1000.00 


Bile. —  According  to  the  analysis  of  Gmelin,  the  bile 
of  the  ox  contains  water;  a  substance  having  the  odour 
of  musk;  cholesterine;  biliary  resin;  a  crystalline  sub- 
stance which  he  calls  taurin;  biliary  sugar  (the  picro- 
mel  of  Thenard);  colouring  matter;  a  substance  analo- 
gous to  gluten;  caseous  and  salivary  matter;  albumen; 
mucus ;  osmazome ;  an  extractive  matter  insoluble  in  al- 
cohol; margaric  and  oleic  acid;  a  new  acid,  to  which  the 
appellation  of  cholic  has  been  given;  bicarbonates,  ace- 
tates, oleates,  margarates,  cholates,  sulphates  and  phos- 
phates of  potash  and  soda;  phosphate  of  lime;  chloride  of 
sodium ;  and  a  minute  quantity  of  carbonate  of  ammonia. 

Berzelius  considers  the  composition  of  the  bile  as  much 
more  simple  than  would  be  inferred  from  the  analysis 
above  given.  He  conceives  that  a  great  portion  of  the 
substances  abovementioned,  may  be  produced  by  the 
agents  employed  for  their  evolution,  and  that  it  is  pro- 
bable that  the  bile  contains  the  albuminous  substances  of 
the  blood,  so  modified  as  to  be  readily  convertible  into  a 
great  variety  of  compounds. 
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Sweat* — According  to  Thenard,  sweat  contains  much 
water,  a  little  acetic  acid,  chloride  of  sodium,  perhaps 
also  chloride  of  potassium,  a  very  little  phosphate  of  lime, 
a  trace  of  iron,  and  a  quantity  of  animal  matter  almost 
too  small  to  be  appreciated.  Berzelius  regards  sweat  as 
water  holding  in  solution  the  chlorides  of  sodium  and 
potassium,  lactic  acid,  lactate  of  soda,  and  a  little  animal 
matter. 


SECTION  II. 
OF  ANIMAL  SOLIDS. 

For  reasons  already  specified  in  the  case  of  the  liquid 
secretions,  I  do  not  deem  it  expedient  to  enter  into  a  de- 
tail of  the  chemical  properties  and  composition  of  all  the 
substances  which  might  come  under  this  nead.  I  will  only 
state  a  few  facts  respecting  some  of  them. 

OF  URINARY  CALCULI. 

These  may  be  divided,  according  to  Henry,  into  six 
species. 

I.  Calculi  which  are  chiefly  composed  of  uric  acid,  or 
orate  of  ammonia: 

II.  Calculi  principally  composed  of  theammoniaco-mag- 
nesian  phosphate  (phosphate  of  ammonia  and  magnesia): 

III.  Calculi  ^consisting  for  the  most  part  of  phosphate 
of  lime: 

IV.  Calculi  containing  principally  carbonate  of  lime : 

V.  Calculi  which  derive  their  characteristic  property 
from  oxalate  of  lime;  and 

VI.  Calculi  composed  of  the  substance  discovered  by 
Dr.  WoUaston,  and  called  by  him  cystic  oxide. 

To  these  may  be  added,  calculi  containing  two  or  more 
of  the  above  mentioned  ingredients  in  a  state  of  admix- 
ture; and  those,  in  which  they  form  distinct  layers,  or 
concentric  strata. 

Dr.  Marcet  informs  us,  that  when  uric  acid  predomi- 
nates in  a  calculus,  a  fragment,  no  larger  than  a  pin^s 
head,  being  held  in'  the  blowpipe  flame  by  a  slender  pair 
of  platinum  tongs,  blackens,  emits  a  smoke  having  a 
strong  and  characteristic  odour,  is  gradually  consumed, 
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and  leaves  a  minute  quantity  of  white  ashea,  which  axe 
usually  aikaUne. 

Anotliei'  inodc  of  recognising  this  calculus,  is  to  subject 
a  Bmall  [lortian,  in  a  watch  glass,  to  a  few  drops  of  caus- 
tic potash  over  a  lamp.  The  uric  acid  is  immediately 
dissolved,  leaving  the  other  ingredients  untouched.  From 
the  solution  thus  formed,  almost  any  acid  will  cause  a 
white  precipitate  of  pure  uric  acid. 

Lastly,  if  a  minute  portion  of  calculus,  containing  uric 
acid  in  the  smallest  proportion,  be  exposed  to  a  drop  of 
nitric  acid,  and  heated  to  dryness,  tiie  residuum  will  dis- 
play a  beautiful  purple,  or  cannine  colour. 

Wlien  phosphate  of  lime  predominates  in  a  fragment  of 
calculus,  it  first  blackens,  but  soon  after  becomes  per- 
fectly white,  and  is  very  difficult  of  fusion  before  tbe 
blowpipe.  Calculi  of  this  kind  are  readily  dissolved  bj 
dilute  chlorohydric  acid,  and  the  solution  formed,  when 
the  acid  is  not  in  great  excess,  may  be  precipitated  by  oi- 
alate  of  ammonia. 

If  a  calculus,  consisting  principally  of  the  ammoniaco- 
magnesian  phosphate,  be  subjected  to  a  gentle  heat,  or 
moistened  with  caustic  potash,  an  ammoniacal  odour  will 
be  perceptible. 

There  is  a  species  of  calculus,  which,  when  exposed  to 
the  blowpipe  flame,  bubbles  up  and  melts  easily  into  glo- 
bules, usually  pearly  but  sometimes  transparent.  Tliis 
species  is  called  the  fusible  calailus.  It  is,  principally,  a 
mixture  of  phosphate  of  lime,  and  the  phosphate  of  am- 
monia and  magnesia.  It  is  readily  soluble  in  dilute  chlo- 
rohydric acid,  from  which  the  lime  may  be  precipitated  by 
the  addition  of  oxalic  acid;  and  by  adding  ammonia,  a 
precipitate  ensues  of  the  phosphate  of  ammonia  and  mag- 
nesia. 

The  calculus,  in  which  oxalate  of  lime  predominates, 
is  sometimes  called  the  mulberry  calculus,  from  its  resem- 
blance to  a  mulberry.  The  heat  of  a  spirit  lamp  is  gene- 
rally adequate  to  destroy  the  acid  in  this  calculus,  and  lo 
develop  quicklime,  which  may  of  course  he  detected  by 
turmeric. 

Cystic  oxide  is  recognised,  chemically,  by  its  great  solu- 
bility in  acids  and  alkalies. 

The  calculus  comiwsed  of  carbonate  of  lime  is  seldom 
found. 
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Besides  these  calculi  there  are  the  zanthic  oxide  calculus 
BXid  fibrinous  calculus.  The  former  derives  its  name  from 
its  yellow  colour,  the  latter  from  the  resemblance  of  its 
properties  to  fibrin.    Both  are  extremely  rare. 

OF  ARTHRITIC  CONCRETIONS. 

Arthritic  concretions  were  shown  by  WoUaston  to  con- 
tain uric  acid  and  soda.  Urate  of  lime  and  chloride  of 
sodium  have  since  been  demonstrated  to  exist  in  them  by 
Vogel. 

OF  SKIN. 

Besides  the  intermediate  tissue  called  rete  mucosum, 
the  human  skin  consists  of  the  epidermis  and  true 
skin.  The  former  resembles  coagulated  albumen  in  its 
chemical  properties.  Of  the  latter,  the  greater  part,  by 
boiling  in  water,  may  be  converted  into  gelatin.  Hence 
its  utility  in  the  manufacture  of  glue. 

OF  BONES. 

Besides  oil,  of  which  the  marrow  is  mainly  constituted, 
bones  consist  of  cartilage,  indurated  by  phosphate  and 
carbonate  of  lime.  The  two  last  mentioned  constituents 
may  be  removed  by  diluted  nitric  or  chlorohydric  acid. 

The  cartilage  retains  the  shape  of  the  bone,  after  the 
removal  of  the  other  constituents.  Besides  the  substances 
just  mentioned,  bones  contain  minute  portions  of  other 
matter,  as  will  appear  from  the  following  analysis  of  Ber- 
zelius. 

Cartilage  completely  soluble  in  water,  and  con- 

vertiole  into  gelatin  by  boiling            -            -  32.17 

Vessels              -            .            .            -            .  1.13 
Subphosphate  of  lime,  with  a  little  fluoride  of 

calcium          .....  53.04 

Carbonate  of  lime          -            -            -            -  1 1 .30 

Magnesia,  either  as  phosphate  or  as  carbonate  1.16 

Soda,  with  a  little  chloride  of  sodium                  -  1.20 


100.00 


Beef  bones  differ  from  those  of  man  in  containing  only 
a  third  of  the  quantity  of  carbonate  of  lime,  and  in  abound- 
ing in  the  calcareous  and  magnesian  phosphate  to  a  pro- 
portionably  greater  extent. 
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In  addition  to  the  innedients  in  the  abovementiooed 
list,  traces  of  sulphate  of  hme,  alumina,  silica,  and  oode 
of  iron  were  discovered  by  Hatchett,  Fourcroy,  and  Van- 
quelin. 

OF  BRAIN. 

The  brain  contains  in  10,000  parts,  according  to  an 
analysis  of  Vauquelin : — 

Water  ....  8000    - 

White  fatty  matter     -  -  -        453 

Red  fatty  matter         ...  70 

Albumen         .  -  -  .         700 

Osmazome,  a  substance  to  which  meat 

gravy  is  supposed  to  owe  its  savour  112 

Phosphorus     -  -  -  -         150 

Acids,  salts,  and  sulphur  -  -        515 

10,000 


According  to  M.  Couerbe,  who  has  recently  made  a 
chemical  examination  of  the  brain,  the  fatty  matters  con- 
sist of  the  following  substances,  viz,  cholesierinej  and 
four  principles,  not  previously  known,  which  he  proposes 
to  call  cerebrotCj  stearoconoicj  cephalotCj  and  eieencephok. 
These  principles  all  consist  of  carbon,  hydrogen,  oxygen, 
and  nitrogen,  combined  with  between  two  and  three  per 
cent,  severally  of  phosphorus  and  sulphur- 
Such  is  the  best  account  which  it  has  pleased  God  to 
enable  the  brain  of  man  to  give  of  its  own  chemical  con- 
stitution. 

It  is  to  be  regretted  that,  of  all  studies  to  which  the 
human  mind  has  been  directed,  self-analysis,  whether  mo- 
ral or  physical,  seems  the  most  beyond  its  powers. 


OF  THE  PUTREFACTIVE  FERMENTATION. 

To  that  species  of  spontaneous  decomposition  which  is 
called  putrefactive,  animal  substances,  in  general,  are 
much  more  disposed  than  vegetable;  and  the  effluvia 
which  they  emit,  during  the  change,  are  much  more  of- 
fensive. The  presence  of  phosphorus  and  sulphur  contri- 
butes greatly  to  the  fetor  of  animal  putrefaction.     On  the 
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Iher  hand,  few  animal  substances  are  susceptible  of  the 
iDous  or  acetous  fermentation. 

'  The  presence  of  water,  or  of  its  elements,  seeRis  indis- 
ensable  to  the  spontaneous  decomposition  of  organic 
ubstances.  In  no  instance  is  either  the  vinous,  acetous, 
vr  putrefactive  fermentation  induced  in  substances  which 

;  perfectly  dry.  The  effect  of  desiccation  in  preserving 
neat  and  fruits,  sufficiently  proves  the  correctness  of  this 
negation.  It  is,  probably,  by  paralyzing  the  activity  of 
he  water  in  meat,  that  salt  favours  its  preservation;  and 
he  beneficial  influence  of  sugar  upon  preserves  may  in 
ke  manner  be  explained. 

When,  in  addition  to  water,  nitrogen  is  a  constituent, 
Jie  tendency  to  putrefaction  is  increased.  Gluten  and 
reast,  which  contain  nitrogen,  are  very  liable  to  an  ex- 
tremely offensive  putrefaction.  To  their  deficiency  in 
this  principle,  Dr.  Turner  ascribes  the  indisposition  of  oils 
to  putrescency;  but  I  conceive  their  freedom  from  water, 
Itna  incapacity  to  unite  with  it,  to  be  the  true  cause. 

The  insusceptibility  of  the  vegetable  alkalies  ofdecom- 
osition,  while  containing  both  hydrogen,  oxygen,  and  ni- 
rogen,  may  arise  partly  from  their  sparing  solubility  in 
Pater,  and  partly  from  the  predominance  of  carbon  in  their 
ompositioD. 

Although  heat  to  a  certain  extent  is  necessary  to  pu- 
refaction,  it  may  be  arrested  by  a  high  temperature,  as 
Weil  as  by  frost.  In  the  one  case,  water  being  vaporized 
B  removed ;  in  the  other,  being  congealed,  becomes  inert. 
iV^e  are  unable  to  explain  the  peculiar  efficiency  of  this 
iquid  in  promoting  the  spontaneous  decomposition  of  or- 
lanic  products  in  all  its  forms.  It  seems  as  if  certain 
ifBnities  which  exist  between  the  ultimate  elements  of 
Dany  vegetable  and  animal  substances,  although  suspend- 
h1  by  the  inexplicable  powers  of  vitality,  resume  their  ope- 
fition  as  soon  as  those  powers  cease,  with  greater  or  less 
ictivity,  according  to  the  nature  of  the  substance,  and  the 
oftening  influence  of  heat  and  moisture. 

Thenard  alleges  that  water  is  not  decomposed  during 
Utrefaction,  but  on  the  contrary  generated. 

Besides  water,  we  may  enumerate  ammonia,  with  car- 
onic,  acetic,  and  sulphydric  acid,  also  carburetted  and  in 
lome  cases  phosphuretted  hydrogen,  among  the  products 
f  putrefaction. 
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Conclusion. 


Of  vegetable  and  animal  chemistry,  I  must  here  take 
leave.  Intrinsically,  it  consists  of  little  more  than  a  de- 
tail of  facts.  It  is  only  from  the  splendid  discoveries 
which  have  been  made  in  the  chemistry  of  inorganic  mat- 
ter, that  we  can  hope  for  any  theoretic  elucidation  of  the 
properties  of  organic  products,  or  of  the  means  by  which 
vitality  creates,  from  sources  so  limited,  such  an  infinite 
variety  of  interesting  productions. 

From  the  multiplicity  of  analyses,  of  which  the  resuits 
are  so  nearly  alike  as  to  baffle  the  efforts  of  the  adept  to 
remember  them,  it  were  utterly  impracticable  to  impart  i 
knowledge  of  the  minutiae  of  organic  chemistry,  during  a 
course  of  instruction  limited  to  four  months.  I  am,  how- 
ever, consoled  in  recollecting,  that  it  is  that  branch  of 
chemical  science,  in  which  it  is  most  easy  for  gentlemen 
of  the  medical  profession  to  become  their  own  instruc- 
ters;  as  the  subjects  are  within  their  reach,  and  the  im- 
plements and  agents  for  investigation  are  very  simple, 
and  may  be  obtained  with,  comparatively,  little  exertion 
and  expense. 


^ 
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IN  THE  FOLLOWING  PAGES. 


The  equivalent  of  hydrogen  is  veiy  light  in  compari- 
son with  those  of  other  bodies,  even  agreeably  to  the 
idea,  adopted  by  the  English  chemists,  that  water  con- 
sists of  one  atom  of  each  of  its  two  ingredients.     Ac- 
cording to  their   estimate,    the  equivalent  of   carbon, 
which  is   the  next  to  that  of  hydrogen   in   the   table, 
is  six  times  heavier;  and  those  of  oxygen  and  silicon, 
which  are  the  next  to  carbon,  are  each   eight   times 
heavier  than   that  of   hydrogen.     The    equivalents   of 
magniesium,  nitrogen,  sulphur,  phosphorus,  boron,  cal- 
cium, sodium,  chlorine,  and  potassium,  are,  severally,  12, 
14,  16,  16,  11,  20,  24,  36,  40.     The  equivalent  of  iodine 
is  126  times  as  heavy  as  that  of  hydrogen,  that  of  gold 
two  hundred  times  as  heavy.     It  follows,   that   unldds 
analysis  be  effected  with  great  accuracy,  it  may  be  as 
near  the  truth  to  assume  that  all  equivalents  are  multi- 
ples of  that  of  hydrogen,  as  to  interpolate  the  fractional 
differences  supposed  to  have  been  detected  by  chemists. 
If  the  numbers  exhibited  in  the  following  table  be  cor- 
rect, it  follows,  that  in  a  majority  of  cases  the  equiva- 
lents of  other  substances  are  not  exactly  multiples  of 
that  of  hydrogen.     For  the  purpose  of  illustration,  or  for 
processes  in  the  chemical  arts,  the  nearest  whole  num- 
l>ers  to  those  ascertained  by  the  most  authentic  analyses, 
^will  be  found  sufficiently  accurate.     The  subjoined  table 
lias  been  compiled  by  my  friend  Dr.  Bache,  from  data 
principally   furnished  by   the  fifth  edition   of  T« 
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Chemistry.*  Tlie  numbers  in  this  table  being  the  reFult 
of  investigations  which  were  not  within  my  reach  when 
the  Compendium  went  to  press,  do  not  correspond  oi- 
actly  with  the  numbers  therein  employed,  which  were 
taken  from  Brande's  Ttible  of  Equivalents,  published  in 
London  in  1832. 

It  may  be  expedient  to  state,  that  the  word  equivalenl 
is  in  one  meaning  synonymous  with  the  word  atom,  as 
used  by  many  chemists,  in  the  sense  of  the  smallest  por- 
tion of  a  body  which  can  exist.  The  word  equivalent 
has  also  been  defined  the  least  combining  proportion  of 
a  substance,  or  any  multiple  of  that  quantity  capable  of 
combination;  the  least  combining  proportion  being  some- 
times distinguished  from  others  as  the  prime  equivalent. 

The  numbers  in  a  table  of  equivalents  are  also  liable 
to  be  considered  as  indicative  of  the  ratios  in  which  the 
substances,  with  which  they  are  associated  respectively, 
must  be  used  to  effect  combination  or  decomposition. 

*  Of  this  eicellcnt  work,  wbioh  I  recommend  lo  thoie  at  mv  pupils  who  hate 
leiBUre  and  disponilion  lo  toad  other  boolie  of  ChBmiaLry  besides  the  CompendioiB,      ] 
I  now  edition   has  just  been  published  by  Measrs.  Deailver,  Thonuu  4  Co.,  &o« 
sheets  furaiBbBd  by  the  BQlhor.     This  republication  has  been  mode  under  the  fis- 
culisrly  Tigihnt  and  Bccuralc  superintendence  of  my  friend  above  mentioned. 


Note  by  Dr.  Bache. — The  following  list  is  arranged  in  six  tablo. 
The  first  comprises  the  elementary  bodies,  and  principal  bi-clemCD- 
tary  compounds,  under  which  latter  title  the  chief  inorganic  acid* 
and  bases  are  necessarily  embraced.  The  second  includes  the  prin- 
cipal organic  bases,  and  the  third  a  select  list  of  organic  acids.  The 
chief  acids  and  bases  having  been  presented  in  these  three  tables^ 
the  more  important  single  salts  are  given  in  the  fourth,  and  exwB- 
plea  of  the  double  salts  in  the  fifth.  The  sixth  and  last  table  coti- 
prises  miscellaneoua  organic  compounds,  not  acids  nor  bases. 


LIST  OF  CHEMICAL  EQUIVALENTS,  THE  EQUIVALENT  OF 
HYDROGEN  BEING  ASSUMED  AS  THE  STANDARD  UNIT. 

TABLE  1. 
Semattary  Bodut,  and  Principal  Bi-eUmentary  Compoundt.* 


uttimonic  acid 
Mwquimlphiila 
bisulphide 

penulphide 
■esqaiciilorida 
bichloride 
perchloride 


pTaUisiilphide 
seiquUulphidfi 
penuJphida 

sesqaichloride 

protoxide  (bujla) 

•ulpbide 
chlorida 


2Sb+30 
8ab+40 

3Sb-j-50 


asb-fsci 

2Sb4-4Cl 
9Sb+5a 


9A>-f30 
aAa-j-50 

Ai-i-a 

SAi+38 
9A>+5S 

AH-Cl 
2AH-3Ct 


Bi»i 


Bii+O 
Bi+20 
Ba+8 
Bb-)-C1 


proloiide Bi-J-O 

KiquioiidB        ....  2Bi+30 

sulphide Bi+S 

chloride Bi+Cl 

borncic  (boric)  acid         -        -  B+30 

flaobotio  uid B+SF 

biouua  acid  ....       Bi+50 

C*DHnrii  ..... 

oxide  Cd+O 

■ulphide Cd+a 

CALCItK  ..... 

protoxide  (lime)  -        -        ■        Ca+O 

bioxide Ca-}-SO 

chloride C«+C1 


earbonic  oxide 
carbonic  acid 
oxalic  acid  {snbjdro' 
mellilic  iicid 


-   C40 
c+ao 

2C+30 
*C+30 


a09.7 
33546 

270.88 
306.3 


U.IS 
22.  IS 
36.84 
48.48 


*  SeTanl  cTinidei  are  inclodad  in  thie  table,  tlthongh  1 
tan  eooipaande ;  but  u  ejmaogm  Mrfbnna  th*  put  of  tn  a 
t&H,  it  aaaiaal  bart  to  ptoM  tfiuB  hm. 


NAMES. 

Carior  (conlioasd) 

crooonie  acid  ....  50+40 

binilphide  -        .        .        .  C+SB 

cjanonn  .        .                 .  9C+N 

pnilochloTida  ....  C+Cl 

dichloridB 9C+C1 

Hiquicbloride  ....  2C-|-3C1 

protoxide  .....  Ce-f-O 
M>qai«xida       ....        2Ce+30 

protozjda Cl+O 

ohlaroiu  moid  (B«nellai)  -    Cl-|-30 

peroxide Cl-|-40 

chloric  acid Cl-|'50 

parthloric  acid  ....  0+70 
protocblondeorinlplnw  -         -     Cl+8 

dtchlorideaTnulphur  .  .  .«  Cl+28 
trichloride  of  nitrogeii  ■  3CL+H 

CnmoMttiM  ..... 

■eaquioiide 2Ci+30 

chromic  &cid        ....         Cr+30 

protozida Co+0 

4-3oiida     .        ...        .        .        3Co-HO 

maquiozide 2Co+30 

CoLDHtiuM  (tuitaiam) 

bioijdo Ti+aO 

columbic  meld  ....    Ta+30 

CoFPiH  (enprum)  .... 

red  or  dioxide  .  .        SCu+0 

b!npk<ir  proioiido  •        -        -      Cu+0 

Buperoiiap  ....  Cu+ao 

diaulphide 2Cu+8 

proliMulphide  ....      Cu+8 

GmClNTDlf        -  .'.'.' 

oxide  (glucina)  ....    G+0 

Goto  (auniin)      -  - 

protoiide Au+0 

biotide         --...,  Au+ab 

trioxide Au+30 

triaulphide  ....  Au+3S 

prolochloride  -        .        .        .  Au+CI 

trichloride  ....  Au+3C! 

Erotoxide  (water)  ■  H+0 

laxide  (oxj^^naled  water)  H+20 

•ulphjdricacid(«ulphurBtledhydrogen)H+8 
biiulphide  .....  H+SS 
ammooia  .....  3H+N 
lluohjdric  acid  fhydrofluoric  acid)  H+F 

chlorohydric  acid  (murinlic  acid)  H+CI 

bromobydric  acid  (htdrobromic  «jid)  H-f  Br 
iodohvifiic  acid  tbvdriodic  acid)  -  H+I 
■elenhydric  acid  (hydroMlenic  acid)  H+8s 
phoBnburelted  hydrogen  .         .     3H+2P 

poipboiipburetled  hydrogen  ? 
araeniurcHed  hydrogen  .         .     3H+3Ai 

light  carburetle'd  hydrogen  ■         2H+C 

orefiantgua aH+2C 

etherioe 4H-HC 

•Ibnle 5H+4C 

paraffloe  >  conititoenti,  uoited  in  the  nine  ratio  ai 


3H-4-6C 
6H+GC 
4H+I0C 
6H+15C 

8H+I0C 
H+(aC+N) 


Itdrooei  (continued} 

bicirboiet 

naphtlialine 

pu-uiBpbthsliae 

cunphene  ) 

citreno       J      -        ■        •        ■        - 

cjuifaydric  acid  (by drocjuiic  &cid) 

iodic  aeid I+50 

periodic  acid  ....  1+70 

-    Lritiodide  ornitroeeii         .        .        -    31-|-N 

protoxide  .        .        .        .        ,    Lr+o 

•Mqaiozide  -        -        -        -  '   Slr-i-30 

bionde Ir+aO 

trioiido Ir-i-30 

(xon  (remim)        -  .  .  :  . 

protoiide Fe-J-O 

red  or  Maquioiide        .        -        -        2Fe+30 
black  oxide  -        -        -       (Fe+0}-i-l2Fo-|-30) 

tetraanlphide  ■    '     '         -  4Fe4-8 

disnlphide  ....        aFc-|-S 

protosulphide  ....       Fc-j-S 

Miqntsnlpbido  -        -        .        2FB4-3a 

biiulphide Fe-f-SS 

protooh!o[ido       ....  Fe+Cl 

BOKjuichloride  ....    2Fe-i-3Cl 

LxAD  (plumbDm)               .... 
dioiida SPb+O 

Erotoiido Pb+O 
ioiide Pb-l-20 

red  ojiide 3Pb-|-40 

sulphide  -        .        .        ...      Pb+S 

chloride Pb+CI 

iodide Pb+I 


protoxide 

wsquiojiide 
bioxide 
red  oxide 

miuifianic  ictd 
permmBBiiic  icid 
protoaufphide 
prolochloride 
pe  re  blonde 
Mercvri  (hydrargynun 

bioxide  (red  precipi' 

EToroBOlpbide 
LBDlphide 
prolocbloride  (i^&ton 


Mn+O 
2Mn+30 

Mn+aO 
3Mn+40 

4Mn4-70 

Mn+ao 

2MI1+70 


HH-O 
Hg+30 

Hg+8 

Hg+aa 

Hg+CI 

He+2C1 
Hg+[ 


*i5r 


97.8 


2r.39 

ia<!.3 

166.3 
163.3 
393,05 


104.3 
60.S 
63.42 


119.6 
342.8 
119.7 
139.08 


NAHEB. 


Hbbcdbt  (conlinned) 

•euniodida 3He+3I 

biniodide H£+ai 

bic^Jodo Hi+3(2C4-N) 

Erotoiide  .  .  ■  ■  .  Ho-)-0 
ioiide  .-..-■  H(H-30 
molybdic  kcid      -        -        -    *  -        Mo-j-30 

Nickel 

protozida Nt-fO 

Mpquiozida  ....      SNi+SO 

HiTBOatir  ..... 

Dibooi  (Wide N+O 

nitric  o*id* M+20 

hvponiUoiu  Mid  ....  N4-30 
mtroni  >cid  ....        N+W 

nitric  aeid  -        -        •  ^    •    H-fSO 

protDzide (h+O 

wHinioxide  ....      20i+30 

bioxid* Os+20 

trioxid* 0*4-30 

p«roud«  Oi+40 

FALLlUm         ..... 

Crotoxida  ■  ■  -  '  -  ■  Pd+O 
ioiide  Fd+aO 

FaoarHOBCi  -  ■  -  -    . 

oiide 3P+0      , 

hvpnphoBphoron*  uid       ...    SF.f O 

phosplioroua  acid  •        -        -        2P4-30 

phosphoric  acid         1 

pjropbo«phoric  acid  /      •        -        "    2P+50 

metaphospboric  acid  \ 

niwret  -         -         -         •         -  F+N 

Bcsquichlorido  ....     2P-f3Cl 

perchloride  ....        aF+5Cl 

PLltlKDM 

protoxide Fl+O 

■eiqnioxide?      ....  2F14-30 

bioiide PI+30 

Erotochloride Pl+Cl 
ichloride P1+3CI 

protoxide  (potawa)  ■        -        •    Po+O 

trioiids Po+30 

chloride  Po+Cl 

iodide Po+I 

bromide Fo+Br 

cjanide Fo-t-CSC+N) 

Rmodidm 

protoxide  .....    R.}-0 

■eiquioxide  -        -        .-        ■      2R+30 

oxide BH-0 

■eleniouB  acid  ....    Se-.|-30 

Bclenicacid  ....        Se+30 

SlLICOH  -.-.-. 

■ilicic  acid  (siUca)  ■        ■        Si+O 

fluoaiticic  acid  ....    Si+F 

SiLTEn  (■rgentum)  .  .  .  - 

oxidB  Ag+O 

(Ulpyde f^+s 

chloride Ay+a 


BtLTEB  (coDtinacd} 

iodide Ag-)-I 

cjutidB  Ag+(aC+N) 

protoxide  (fodi)  ....  So-fO 
•Mquiozide  ....      2So-|-30 

chloride Bo-f-Cl 

iodide So-J-I 

bromide  So-(-Br 

protoxide  (itroati*)  -        Bi-J-O 

biozide 8r-f-30 

ofaloride  ■ 8r-l-C1 

Bn,PBITB  ..... 

»ulphurou.»cid       ....        S+20 

tulphuricacid 8+30 

bjposulphuraiig  tcid  -  -  -  .^S-f-SO 
hypoaulpliucic  acid      -  •  S8-i-60 

Tklldhio            ..... 
tall  ucoiii  acid        -        .        .        .        Tt-^-^O 
(oIlDric  acid Te-j-30 

oiide  (thoiiiu}      -        -        -        -        Th+O 
Tia  (etuinain)       ..... 

protoxide Sn+O 

■awgniozide  ....      3Sii-j-30 

Uoiide 811+30 

protofDlphida  ....  Sn+B 
Mequiiulphide           .        ■  SSq+38 

biialphide  ....  Bn+38 
pcotoofaloride  ....  So+Ct 
bichloride 8n+9Cl 

oxide -■       Tl+O 

UUnicBcId Ti+20 

IVMoaTu  (woUnm)         .... 

bioxida W+20 

longrtic  acid W+30 

UuNioa 

protoiide U+0 

•Mqoioiide  ....      2U+30 

TllUVIDM  ...... 

protoiidQ V+O 

hioxide V+20 

vaDadie  aoid  ....        V+30 

oxide  OUria)          ....        T+0 
Zwc 

protoxide Zn+O 

peroxide  ■* 

■nlpbide  (blende)  Zo+S 

ehtoride Zn+CI 

Ztmcotnm  ..... 

onia)  2Zr+30 


58.72 
149.6 
101  .T 


40.3 
94-3 
llOJ 
118.8 
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TABLE  II. 


Principal  Organic  Salifiable  Ba^es. 

fiAMFR. 

Apprax-  1      MoK 
iinoie         Mcorue 
eqoiv.           eqijr. 

Aridna^ 12H+20C+8O4-N 

Brucia 18H+82C+6CH-N 

CinchonU 12H4-20C+  O-f  N 

Codeia 20H+81C+6O+N 

DelphU? 
Emetia? 

Morphia 18H+84C+604-N 

Narceia? 
Narcotina? 

Quinia 12H+20C+2O4-N 

Strychnia            ....         16H+30ahh8O+N 
Veratria 22H+84C+6O4.N 

170 
272 
154 
260 

284 

162 
284 

288 

172^ 
275.99 
156^ 

268^ 

288  J3 

164.5S 
287.7S 
298.2S 

TABLE  in. 
Principal  Organic  Acids. 


NAMB8. 


Acetic  .-•..-.     3H+  4C+  30 

Benzoic 5H4-14C4-  30 

Camphoric SH-flOC-f  50 

Citrict liH-f  4C+  40 

Croconic.  See  Table  I.  under  carbon. 

Cyanhydric.     See  Table  I.  under  hydrogen. 

Gallic 8H+  7C4-  60 

Kinic 10H+15C4-10O 

Lactic 5H4-  6C4-  60 

Malict 2H4-  4C4-  40 

Meconic 2H4-  7C4-  70 

Mellitic.  See  Table  L  under  carbon. 

Mucic  (saclactic)       -         -         -         -         6H+  6C+  SO 

Oxalic.  See  Table  L  under  carbon. 

RacemicI  (paratartaric)  -         -         -     2H-|-  4C-|-  50 

Succinic 2H4-  4C4-  SO 

Sulphovinic  (bisulphate  of  alcohol)  2  eq.  acid-|-l  eq.  alcohol 
Tannic  (from  catechu)  -  -  -  9H4-18C-f-  80 
Tannic  (from  gall-nuts)  -  -  -  OH-f  180+120 
Tartarict 2H-f  4C4-  50 


*  This  organic  salifiable  base  was  observed  by  Pelletier  and  Corriol  in  1829,  in 
a  sample  of  cinchona  bark,  which  had  been  substituted  for  the  ordinary  kinds  of 
bark)  and  is  very  analogous  to  cinchonia  and  quinia  in  its  properties.  From  tho 
table,  it  will  be  seen  that  these  three  alkalies  have  such  an  analogy  of  composi- 
tion, that  they  may  be  viewed  as  oxides  of  the  same  compound  radical,  the  for- 
mula of  which  is  12H+20C4-N.  (An.  de  Ch.  et  de  Ph.  li.  186.)  Tdrrkr. 

t  The  citric  and  malic  acids  are  isomeric. 

I  The  racemic  and  tartaric  acids  are  isomeric. 


Approx- 

MOR 

imate 

metmnkt 

eqniT. 

eqojT. 

51 

6\.49 

113 

114.68 

108 

109.2 

58 

58.48 

85 

85.84 

180 

181.8 

81 

81.72 

58 

58.48 

100 

100.84 

105 

105.72 

66 

66.48 

50 

50.48 

126 

126.68 

181 

183.16 

213 

215.16 

66 

66.48 

or.  y 


bjdnl* 
nitrate 

BUVCTH, 

rsoToxiDS  or 
nitrate 

sabnitiate? 
Cadhich 

OXIDK  OP 

nitrate        ... 
salphate 

Cl9CH03iIA. 

acetate       ... 
chlorohydrate  (mnriate) 
nitrate        .         .         - 
salphate 
diaolphate 
Cobalt, 

protoxidx  op 
.  sulphate 

CODSIA. 

chlorohydrate  (mnriate) 

COPPSR, 

BLACK  OR  PROTOXIDS  OP 

acetate 

diacetate 

tribaaio'*  acetate 
dicarbonate     • 
nitrate 

salphate  (blue  vitriol) 
Gluciha. 

carbonate 


.i 


1  eq.  acid-{>2  eq.  base 


1  eq.  acid4-2  eq.  base 
1  eq.  acid-)- 8  eq.  bate 
I  eq.  acid4-2  eq.  base 


Tl 


S7 
94 


219 


121 
117 


122 


in? 


<lo2» 

2S2J;? 

S2^2f 
«T.«t 

24^ 

29,82 
Si.7 
122.82 
112^ 

122.12 


118 

117.22? 

104 

102.2? 

206 

202.02 

191 

122.27 

208 

210.7 

124 

1H.66 

248 

262.2 

78 

77J 

227 

200.22  f 

21 

21.02 

121 

120.22 

171 

170.22 

102 

101.22 

24 

22.76 

80 

72.7 

48 

47.82  f 

*  Tribasic  is  a  nsw  word,  efflplojred  to  fignify  that  a  compound  eontalni  tkff« 
eqniralents  of  the  base. 


f 


fKoroxiDB  or.  { 

aubonala 

nitnla 

milpbito  (gN«ii  vitriol) 


raoToiiDi  or.  $ 

wclnte  (lugnr  ofjMd) 

diactUte  -      1  tq.  tdd-l-t  eq.  bu* 

tribuiB  Msut*  (OouIiTd'i  ait.)  1  tq.  Mtd-rS  aq-  bw* 

owbonata  (ohila  l*ad)  ..... 

nitnU  

LtNX. 

bon«-pho^liata                       ■          S  aq.  aoid-l-S  eq.  bu* 
cubontU 

■ulpliata     ........ 

li;ilnt«d,  with  S  aq.  w«t*t  (^jpaam)    - 

cirboiikt*  ....... 

mnlphats     ........ 

H  A  OH  III  A. 

etrboDBts        ....... 

■ulphate  {Epsom  wit)       ..... 
CTjal,  wilh  7  eq,  natsr    ..... 

■alpbate  ....... 

McKCDRt,  > 

bUnlpliBta        ....     2  eq.  u:id-(-I  cq.  ban 
Bubsutphate  (lurpetli  mioeral)     S  eq.  ai;id-{-4  eq.  b 

dinitiate  <DilrouB  turpeth)  1  eq.  acid-f-2  eq.  I 

Hear  HI  A. 

chlorobydnta  (muiiatu)  .... 

■uiphale 

ciyst.  with  6  eq.  wsler  .... 

Nicaii,,  > 

iulphate 

FtATiavw,  } 

rmoTOiwi  or.  $ 

aaiphate     ........ 

carbonate  (aalt  of  tartar) 

mqnicarboData  .     3  eq,  acid4-Z  «q.  baie 

bioarbonate  -         ■         2  eq.  acid+1  eq.  b 

ditnaniata  \  at^.  a&i&,V%  «<\.  ^nw 


NAMES. 


PoTiMA  (contJDued) 

diaisenite                                    -      1  iq.  ■cid-f-2  sq.  bus 
hydtnle 

ailntr  (nitre  or  Mltp«tTe) 

lulpbate  (lilriolated  UlUr)      ..... 

bisulphnte  -         2  eq,  acid-l-l  eq-  bue 

taitrate  (solabla  Urtar)        ...... 

bitartrale  (eream  of  tartar)  2  eq.  acid-f-l  eq.  baie 

cblurohfdrate  (muriate}  ..... 

■ulphate  ........ 

disulphate  (mediciaal  aulphala)  1  >q.  acid+2  eq.  ban 

nitrate  (lunar  cauitic)  ...... 

■diphete 

tiibaaic  aneniate  ■         -         1  eq,  acid.]-S  eq.  baae 

Sovt. 

biburate  (borax)       -         ■         -      2  eq.  acid-f-I  eq.  bue 

eeaquicarbanate         .  3  eq,  acid-|-2  eq,  baae 

bicaibonats  -     2  eq.  itcid-f*I  eq,  baae 

chlortte      .         .         .         .     ■ 

diphoiphate  (medicinal  phoaphate)  1  eq.  acid-J-2  eq,  baae 
hydrate  ........ 

Bulphate  (Qlaaber'a  nit) 

tartrate 

CBibonate            ..--.... 
hydrate 

■alplula  ........ 

chlMohydnle  (mariate) 

aolpbate  ........ 

aqlphate  .    , 

Tim,  i 

rm«T0iiiti  or.  { 

ni)phat« 

Vkbatria. 

chlorohjrdrate  (muriate) 

•alphate 

carbonate        ........ 

■otphate 

Melata 

aartMDtte  (mIudIb*) 

t  milpliMU  (wbit*  ritriol) 


19S.7 

5S.1B 
213.46 
101.8 
BT.2& 
127,85 
118.68 
160.11 

216,08 
200,97 
218.7 
204.6S 
869.2 


463.4 

82.78 
101.1 

63.42 
128,96 

76.M 
106.72 
134 

40,8 
197.6 

86,46 


78.92 
60.8 
10S.&B 
91. > 


63.8a.' 
94.80 .' 
80.8? 


\     «.\    ■ 


^4 
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TABLE  V. 
Prituipal  Double  8aUs. 


NAME&     * 


Applvs* 
mnto 
eqahr. 

Mon 

•eeints 

M 

9S.44 

SM 

S56J5 

47« 

474Ji 

sss 

9UM 

850 

SftlJl 

S19 

911.41 

S84 

281.41 

Gtrbonate  of  Umm  aqd  magneeU  (Dolomite) 

1  eq.  carboiulto  of  Ume-hl  oq«  carbonate  of  magneaii 
Sulphate  of  alamina  and  potaaaa  (alnmy 

I'ttq.  trtaalpbate  of  alamina+l  oq-  aolphate  of  poUan 
eryat.  with  24  eq.  water  .        .        .        .        . 

Iterate  of  antimonj  and  potaaaa  (tartar  emetic) 

'1  oq.  tart,  eeaqoiojdde  of  aatimon j-f- 1  oq.  tart,  of  potaaaa 
orjflt.  with  2  eq.  water  .        .        .        .        . 

Tartrate  of  potaaaa  and  aoda  (Roobelie  aalt) 

1  iq.  tartrate  of  potaaaa+l  eq.  tartrate  of  aoda 

.    wyat  With  8  eq.  water    -        i.        - 


TABLE  VI. 


MUeeUane<m$  Organic  Compounds^  not  Acids  nor  Bams. 


NABIKS. 


IMIUV. 


Albumen.' 

Alcohol 

Aiparagin 

Benzamide 

BeDzule 

Camphene. 

Camphor 

Chloral 

Citrene. 

Ethal 

Ether 


1  eq.  etherine4-2  eq.  water 
8rf+  8C4-60+2N 
7H+14C+20+  N 
6H-|-14C4-20 
(See  Table  I.  under  hydrogen.) 

1  eq.  camphene-f-l  eq.  oxygen 

9C+40+6C1 
(See  Table  I.  under  hydrogen.) 

17H-f-16C+  O 
<  1  eq.  etherine-f-1  eq.  water,  or 

U 


eq.  ethule    -hi  eq.  oxygen 
(See  Table  I.  under  hydrogen.) 
(See  Table  I.  under  hydrogen.) 
(See  Table  I.  under  hydrogen.) 


4H+  7C+  O.' 
4H+  6C+40 

7H+  6C+60  (Liebig) 


Etherine. 

Ethule. 

Eupione. 

Fibrin  ? 

Gelatin.' 

Kreosote 

Lactin  (sugar  of  milk) 

Lignin .' 

Mannite 

Margarine  ? 

Naphtha.  (See  Table  I.  under  hydrogen.) 

Naphthaline.  (See  Table  I.  under  hydrogen.) 

Oil  of  wine  (lul.  of  etherine)  2  eq.  acid-f-2  eq.  ether.-f-l  eq.  wat. 

Oxamide       ....  2H-h  2C+204-  ^ 

Paraffine.  (See  Table  I.  under  hydrogen.) 

Paranaphthaline.     (See  Table  I.  under  hydrogen.) 

Salicin  ....  2H+  2C+  O 

Starch 5H4-  6C-t-50 

Slearine         ....        70H4-78C4-70 

5    H+     C+  O  (Front) 
}  6H+  6C+60  (Thenard) 
Urea 4H+  2C+20+2N 


Sugar 


54 
66 

91 


46.48 
123.26 
122.88 
106.68 

77.2 
299.6 

122.9S 
87.48 


64.84 
66.S 

91. 7S 


145 

146.1f 

44 

44.89 

22 

22.24 

81 

81.72 

564 

572.76 

18 

16.12 

81 

81.72 

60 

80.54 
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